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THE  JOINT  MEETING  IN  ENGLAND 

In  his  response  to  the  address  of  welcome  at  the  first  professional 
session  at  Birmingham,  of  The  American  Society  of  Mechanical 
Engineers  and  The  Institution  of  Mechanical  Engineers,  Dr.  W.  F. 
M.  Goss,  Vice-President  of  the  Society,  happily  alluded  to  the  spirit 
of  federation  that  exists  among  Elnglish-speaking  engineers  and  to 
the  pleasure  and  profit  to  be  derived  from  joint  meetings  of  the  two 
Societies.  To  say  that  this  meeting  afforded  the  greatest  possil)le 
pleasure  to  the  American  visitors  is  but  to  state  a  fact,  the  true 
appreciation  of  which  can  be  had  only  by  those  who  were  the  recipi- 
ents of  the  whole-hearted  reception  given  by  their  English  friends, 
their  elaborate  entertainment  and  provision  for  seeing  the  best  that 
the  country  afforded,  in  industrial  as  well  as  historical  features,  and 
in  its  delightful  social  life. 

THE    OCEAN    TRIP 

The  White  Star  steamship  Celtic,  bearing  the  party  for  the  joint 
meeting,  sailed  from  New  York  Saturday  afternoon  July  16  and 
arrived  in  Liverpool  Sunday  evening  July  24. 

The  weather  during  the  trip  was  good  and  the  voyage  was  a  time 
of  rare  enjoyment  for  the  whole  party.  The  ship's  officers  were 
gracious  in  their  attentions  and  the  committee  of  arrangements,  Mr. 
Ambrose   Swasey,  chairman,  had   their  plans   perfected   with   the 
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greatest  care  and  conducted  the  party  up  to  the  time  of  arrival  at 
Birmingham  by  special  train,  when  the  travelers  were  placed  in  the 
hands  of  their  generous  and  attentive  hosts. 

Not  the  least  contribution  to  the  pleasure  of  the  journey  was  the 
program  of  the  entertainment  committee,  Mr.  Geo.  M.  Brill,  chair- 
man, which  provided  for  games  of  bridge,  deck  games  and  tourna- 
ments, inspection  trips  about  the  boat  and  the  following  evening 
events : 

Monday  Evening,  July  18  Reception 

By  the  officers  and  past-presidents  of  the  Society  and  chief  officers  of  the 
ship. 

Tuesday  Evening  Illustrated  Address 

By  Worcester  R.  Warner,  past-president,  on  What  are  the  Astronomers 
doing. 

Wednesday  Evening  Musicale 

Thursday  Evening  Illustrated  Address 

By  John  R.  Freeman,  past  -president,  on  Construction  of  the  Panama  Canal. 

Friday  Evening  Dancing 

Saturday  Evening  Informal  Entertainment 

Awarding  of  prizes  for  the  games,  tournament,  etc.;  music;  a  humorous 
address  by  James  M.  Dodge,  past-president;  and  original  poems  by  others. 

The  sailing  list  of  the  Society  comprised  over  150  members  and 
guests  who  were  joined  by  upwards  of  100  others  at  Birmingham  and 
London.  There  was  deep  regret  that  it  had  been  impossible  for 
President  and  Mrs.  George  Westinghouse  to  accompany  the  party 
and  participate  in  the  events  to  which  their  presence  would  have 
contributed  so  large  a  measure  of  completeness. 

On  the  last  Saturday  of  the  trip  the  appreciation  of  courtesies 
extended  by  the  ship's  officers  was  shown  by  presenting  Capt.  A. 
E.  Hambelton  of  the  Celtic  with  a  beautifully  engraved  silver  box 
for  cigars  and  chief-engineer  C.  C.  Lapsley  with  an  electric  desk 
lamp. 

As  the  boat  approached  Liverpool  it  was  boarded  by  President 
John  A.  F.  Aspinall  and  other  prominent  members  of  the  Institution 
of  Mechanical  Engineers  and  representatives  of  the  city  of  Liverpool, 
who  extended  a  cordial  welcome  to  the  visitors,  to  which  Vice-Presi- 
dent W.  F.  M.  Goss  responded  for  the  Society. 
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FIRST    PROFESSIONAL    SESSION 


The  first  regular  session  of  the  joint  meeting  was  held  Tuesday 
morning  at  the  Birmingham  and  Midland  Institute.  The  two 
societies  were  welcomed  to  the  city  by  the  Lord  Mayor  of  Birming- 
ham (Alderman  W.  H.  Bowater)  who  spoke  of  the  importance  of 
Birmingham  as  an  engineering  center  and  of  the  interest  which  the 
visitors  would  have  in  the  various  plants.  The  Institution  of  Mechan- 
ical Engineers  was  founded  in  Birmingham  at  the  old  Queen's  hotel, 
then  the  terminus  of  the  London  and  Northwestern  Railway,  and 
it  was  doubly  appropriate  that  the  first  of  these  meetings  should 
be  held  in  that  city. 

Mr.  George  Tangye,  a  vice-chairman  of  the  Birmingham  reception 
committee  and  custodian  for  the  city  of  the  Boulton  and  Watt  relics, 
said  it  was  his  privilege  to  offer  for  the  acceptance  of  the  American 
visitors  a  letter  dated  1777,  signed  by  James  Watt  and  addressed  to 
Mathew  Boulton,  his  partner,  as  a  memento  of  their  visit  to  Bir- 
mingham. Although  he  had  presented  all  the  relics  to  the  city  and 
was  now  merely  their  custodian  until  such  a  time  as  a  suitable  place 
should  be  found  for  them,  he  was  sure  the  gift  was  made  with  every- 
body's approval. 

This  letter  was  written  on  both  sides  of  the  paper  and  framed  so 
that  the  two  sides  of  the  sheet  can  be  read.  It  bears  the  inscription, 
"Presented  to  The  American  Society  of  Mechanical  Engineers  by 
George  Tangye  at  the  Joint  Summer  Meeting  at  Birmingham  in 
July    1910." 

President  Aspinall,  in  acknowledging  the  welcome  of  the  Lord 
Mayor  for  the  Institution  of  Mechanical  Engineers,  said  it  was 
fitting  that  the  meeting  should  be  held  in  a  city  so  closely  associated 
with  engineering  work  and  tradition.  There  is  a  close  connection 
between  Boulton  and  Watt  and  their  American  cousins.  A  few 
months  ago  the  Americans  were  celebrating  the  opening  of  the 
Hudson  River  to  steam  navigation  and  Robert  Fulton  bought  his 
first  engine  from  Boulton  and  Watt.  Therefore  Birmingham  had 
played  an  important  part  in  the  development  of  engineering  on  both 
sides  of  the  Atlantic.  He  reminded  the  meeting  that  the  first  man 
to  spin  cotton  without  the  aid  of  human  hands  was  a  Birmingham 
man,  John  Watt,  who  began  his  experiments  in  1730  and  in  1741 
was  entirely  successful.  In  the  museum  at  Birmingham  is  the  first 
hank  of  cotton  spun  by  machinery.  Engineers  recognize  how  much 
they  owe  to  Birmingham. 
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Dr.  W.  F.  M.  Goss  on  behalf  of  The  American  Society  of  Mechani- 
cal Engineers  said  they  came  joyfully  to  Old  England  because  many 
of  the  practices  of  their  profession  had  their  beginning  in  Birming- 
ham. Here  the  implements  were  made  with  which  many  of  the 
pioneers  of  America  furnished  their  homes,  cultivated  their  ground 
and  equipped  their  mills.  Although  Watt  and  Boulton  worked  in 
the  highlands  of  England,  they  in  America  shared  in  the  output  of 
their  factory.  The  Society  was  proud  to  be  the  guest  of  an  institu- 
tion whose  first  president  was  George  Stephenson.  At  the  present 
day  the  engineer  had  become  the  world's  great  civihzer.  For  the 
rush  light  he  had  given  electric  illumination  and  for  the  stage-coach 
the  express  train.  He  had  given  men  new  occupations  and  in  the 
transforming  process  the  engineers  of  England  and  America  had 
each  played  their  part.  Only  an  ocean  la}^  between  them  and  thanks 
to  English  shipbuilders  this  was  no  longer  a  barrier,  but  a  means  of 
communication.  The  maintenance  of  their  respective  traditions 
would  doubtless  always  require  separate  organizations,  but  they 
might  readily  federate  the  spirit  of  the  organizations,  to  which  end 
this  meeting  would  contribute.  The  joint  meeting,  the  good  fellow- 
ship which  will  inevitably  come  out  of  it,  the  pleasure  which  the 
Americans  as  cordially-welcomed  guests  are  to  enjoy,  were  sure  to 
prove  contributing  factors  in  the  working  out  of  such  a  result.  He 
expressed  the  sincere  thanks  of  the  Society  for  the  gift  of  the  Watt 
memorial  by  Mr.  Tangye.  Americans  had  admired  the  beautiful 
marble  memorial  of  that  great  engineer  in  Westminster  Abbey  and 
they  would  doubl}^  admire  a  gift  which  was  a  fragment  of  Watt's 
own  work. 

Following  these  formal  addresses  President  Aspinall  took  the 
chair  and  proposed  that  a  cablegram  be  sent  to  George  Westinghouse 
expressing  the  regret  of  the  Institution  at  his  absence.  The  Secre- 
tary read  the  minutes  of  the  last  meeting  of  the  Institution,  the 
election  of  candidates  was  announced,  and  the  meeting  then  pro- 
ceeded to  the  discussion  of  the  professional  papers  which  were  de- 
voted to  the  general  subject  of  Handling  Locomotives  at  Terminals. 
The  first  paper  offered  was  by  Cecil  W.  Paget,  Mem.I.M.E.,  general 
superintendent  of  the  Midland  Railw^ay,  on  English  Running-Shed 
Practice,  corresponding  to  American  enginehouse  practice.  The 
paper  described  running  sheds  as  built  in  England,  consisting  of  two 
types,  with  the  tracks  laid  parallel  and  with  tracks  radiating  from  a 
central  turntable.  The  straight  sheds  are  economical  in  first  cost 
and  maintenance,  but  unless  of  the  type  knoAvn  as  "through    sheds" 
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they  are  awkward  to  work;  while  the  latter  class  are  draughty. 
The  paper  discussed  the  equipment  of  running  sheds,  including  shear 
legs  for  lifting  engines,  lighting,  arrangements  for  washing  out,  water 
softening,  methods  of  coaling,  etc.  It  then  took  up  running-shed 
arrangements,  and  examinations  of  engines.  This  paper,  in  common 
with  the  other  English  papers  presented  at  the  joint  meetings,  has 
been  sent  to  the  membership  of  the  Society. 

There  were  four  American  papers  on  this  subject  as  follows:  Hand- 
ling Locomotives  at  Terminals,  by  Frederic  M.  Whyte;  Engine 
House  Practice,  by  F.  H.  Clark;  American  Locomotive  Terminals, 
.by  William  Forsyth;  and  Handling  Engines,  by  H.  H.  Vaughan. 
These  papers  have  been  published  in  The  Journal,  and  were  pre- 
sented in  abstract  at  the  meeting  by  F.  H.  Clark.  They  dealt  sys- 
tematically with  the  subject  of  the  meeting,  the  first  discussing 
briefly  the  different  phases  of  the  whole  subject,  including  the  loca- 
tion and  layout  of  a  terminal,  the  organization  and  method  of  con- 
ducting the  work  at  a  terminal  and  pooling  locomotives  and  crews. 
Some  years  ago  it  was  general  practice  to  assign  a  locomotive 
to  a  crew  and  both  crew  and  locomotive  to  particular  runs.  The 
plan  was  later  developed  to  increase  the  service  of  locomotives  by 
placing  any  crew  on  any  locomotive  instead  of  holding  the  locomo- 
tive until  its  assigned  crew  could  obtain  the  necessary  rest. 

The  paper  by  Mr.  Clark  considered  in  detail  terminal  design  and 
the  handling  of  locomotives  to  secure  continual  operation.  Mr, 
Forsyth  described  a  particular  terminal,  that  of  the  Pennsylvania 
Railroad  at  East  Altoona,  including  the  organization  of  the  plant. 
Mr.  Vaughan  discussed  the  question  of  pooling,  concluding  that  in 
passenger  service  it  was  objectionable,  while  in  freight  service  it  was 
advisable  if  conditions  were  such  that  engines  could  not  be  run  with 
assigned  crews. 

These  papers  were  discussed  by  George  Hughes,  President  J.  A. 
F.  Aspinall,  Jas.  M.  Dodge,  Henry  Fowler,  H.  L.  Gantt,  A.  D. 
Jones,  and  Jas.  E.  Sague.  During  the  discussion  the  chair  was 
vacated  by  President  Aspinall  and  taken  by  Dr.  Goss.  The  dis- 
cussion upon  these  and  other  papers  presented  at  the  joint  meet- 
ing will  be  published  in  a  later  number  of  The  Journal. 

THE    SECOND    PROFESSIONAL    SESSION 

At  the  opening  of  the  session  on  Wednesday  President  Aspinall 
announced  the  receipt  of  a  cablegram  from  President  Westinghouse 
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in  reply  to  the  one  sent  him,  expressing  his  regret  because  of  his 
absence  from  the  meetings  and  the  highest  hope  that  the  joint  meet- 
ing would  be  of  permanent  value  in  cementing  the  relations  between 
the  societies  and  in  promoting  cooperation  between  the  engineers 
of  the  two  countries. 

Dr.  Goss  was  then  asked  to  take  the  chair  and  a  paper  was  read 
on  High-Speed  Tools  and  Machines  to  Fit  Them  by  H.  I.  Bracken- 
bury  of  Newcastle-on-Tyne,  Mem.I.M.E.  This  paper  considered 
the  characteristics  of  high-speed  tools  and  of  the  steels  of  which 
they  are  made  and  discussed  machine  tools  for  the  use  of  such  steel. 
It  compared  machine  design  before  and  after  the  introduction  of 
high  speed  tools  and  laws  regarding  the  weight  and  power  of  machines. 
There  were  data  on  the  cost  of  machining  and  on  the  power  required 
for  cutting,  with  numerous  excellent  examples  of  rapid  production. 

Following  this  a  topical  discussion  was  offered  by  three  American 
members.  Mr.  John  Calder  gave  examples,  illustrated  by  lantern 
slides,  of  rapid  production  in  machine  tool  work,  the  data  having 
been  contributed  by  some  twenty-five  different  firms  and  machine 
tool  builders.  It  covered  subjects  of  heavy  lathe-work,  including 
tire  and  axle  turning,  milling,  gear  cutting,  turret-lathe  work  and 
grinding. 

Mr.  Luther  D.  Burlingame  followed  with  an  account,  also  illus- 
trated by  lantern  slides,  of  examples  of  work  done  in  the  shops  and 
on  the  tools  of  the  Brown  &  Sharpe  Mfg.  Company.  He  showed 
illustrations  of  jigs,  and  tools  used  with  them,  to  indicate  the  com- 
plexity of  modern  manufacturing  methods.  He  also  gave  tables 
of  limits  indicating  the  degree  of  precision  to  be  attained  in  grinding 
for  running  and  force  fits. 

Mr.  L.  P.  Alford  presented  a  resum6  of  the  most  recent  accom- 
plishments in  heavy  drilling  by  the  use  of  high-speed  drills,  driven 
by  tools  especiallj^  designed  for  rapid  production. 

Discussion  was  offered  by  J.  Hartley  Wicksteed,  William  Lodge, 
Dempster  Smith,  Walter  Carter, Fred.  W.Taylor,  Frank  B.  Gilbreth, 
President  Aspinall,  and  Alexander  Taylor  (read  by  the  secretary). 

The  subject  of  tooth  gearing  was  then  considered,  a  paper  first 
being  presented  by  J.  D.  Steven  of  Birmingham,  Mem.I.M.E.,  in 
which  different  methods  of  cutting  gear  teeth  were  discussed  and 
different  systems  of  tooth  design  were  compared,  with  the  conclu- 
sion that  conditions  have  so  radically  changed  during  the  past  two 
years  that  there  is  every  reason  to  consider  the  question  with  an  open 
mind.     If  a  new  form  of  tooth  is  desirable,  he  believed  that  a  stub 
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tooth  with  20-deg.  pressure  angle  would  be  a  change  in  the  right 
direction,  because  it  can  be  used  in  its  true  form  down  to  12  teeth; 
it  is  a  stronger  form  and  most  commonly  used;  and  a  large  propor- 
tion of  its  face  does  useful  work. 

Mr.  Wilfred  Lewis,  Mem.Am.Soc.M.E.,  read  a  paper  on  Inter- 
changeable Involute  Gearing,  prepared  at  the  request  of  the  Meet- 
ings Committee  as  a  discussion  on  the  subject,  but  not  necessarily 
expressive  of  the  opinions  of  the  Gear  Committee  of  which  he  is 
chairman.  He,  however,  outlined  the  investigations  of  the  com- 
mittee up  to  the  present  time  and  gave  drawings  of  the  gear  testing 
machine  which  had  been  designed  for  testing  gears  of  different  types 
and  which  is  now  being  used  for  the  purposes  of  the  committee  under 
the  direction  of  Professor  Lanza  at  the  Massachusetts  Institute  of 
Technology.  The  paper  illustrated  the  shapes  of  teeth  to  be  tested 
which  include  teeth  of  different  obliquities.  Mr.  Lewis  advocated  a 
pressure  angle  of  22|  deg.  and  an  addendum  of  seven-eighths  module. 

These  two  papers  were  discussed  by  P.  V.  Vernon  and  Luther  D. 
Burlingame;  a  written  discussion  contributed  by  C.  R.  Gabriel, 
member  of  the  Gear  Committee,  and  read  by  Secretary  Calvin 
W.  Rice,  argued  for  the  Brown  &  Sharpe  M^-deg.  standard,  with 
modified  tooth  to  avoid  interference,  as  the  most  practical  and 
useful  form  for  present-day  conditions. 

After  this  discussion  a  resolution  was  offered  thanking  the  hosts 
and  people  in  and  around  Birmingham  for  the  hospitality  extended 
to  the  members  of  the  two  Institutions. 

ENTERTAINMENT    AT    BIRMINGHAM 

Every  convenience  was  provided  at  Bii-mingham,  as  well  as  later 
at  London,  in  the  way  of  provision  for  mail,  telegraph,  telephone 
and  messenger-service,  ofl&ces  for  the  transaction  of  business,  and 
the  leading  clubs  extended  invitations  to  the  visitors  to  share  in 
the  club  privileges. 

Luncheon  was  served  in  the  Town  Hall  at  the  close  of  each  of  the 
professional   sessions. 

The  chief  event  during  the  stay  was  the  garden  fdte,  on  Tuesday 
evening  in  the  Botanical  Gardens  at  Edgbaston,  by  invitation  of 
the  Birmingham  reception  committee.  The  grounds  were  beauti- 
fully illuminated  with  fairy  lamps  and  Japanese  lanterns.  There 
were  10,000  of  the  many-colored  little  lamps  and  1000  Japanese 
lanterns  strung  on  frame  work  of  bamboo.     The  conservatories  were 
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used  as  a  place  of  assembly  and  for  the  reception  at  which  the  Lord 
Mayor  and  Lady  Mayoress  (Alderman  and  Mrs.  Bowater)  and 
members  of  the  Birmingham  reception  committee  received.  Music 
was  furnished  by  the  band  of  the  Royal  Marines  from  Portsmoutn 
and  during  the  evening  there  was  a  display  of  fireworks  which  closed 
with  a  set  piece  showing  the  British  and  American  flags  crossed. 
The  f6te  was  most  picturesque  in  its  settings  and  an  occasion  of 
unusual  pleasure  to  those  in  attendance. 

Numerous  excursions  were  made  on  Tuesday  afternoon  to  places 
of  interest  in  the  vicinity  of  Birmingham.  Among  these  was  one 
to  the  testing-station  of  the  Pump  &  Power  Company  at  the  South 
Staffordshire  Mond  Gas  (Power  and  Heating)  Company's  at  Dudley 
Port,  Tipton;  the  works  of  the  Austin  Motor  Company;  the  Metro- 
politan Amalgamated  Railway,  Carriage  and  Wagon  Company, 
Saltley;  and  the  Frankley  filter-beds  of  the  Corporation  Water 
Works;  while  sorne  went  to  Stratford-upon-Avon,  Worcester,  Stone- 
leigh  Park,  and  Kenilworth. 

A  number  took  advantage  of  the  invitation  of  Mr.  George  Tangye 
to  visit  the  Watt  room  at  his  residence,  Heathfield,  where  are  located 
the  Watt  relics  which  are  preserved  as  nearly  as  possible  in  the  way 
the  famous  engineer  left  them. 

On  Wednesday  afternoon  the  new  buildings  of  the  University  of 
Birmingham  were  visited.  The  company  was  cordially  welcomed 
by  the  principal.  Sir  Oliver  Lodge  and  Vice-Chancellor  Alderman 
C.  G.  Beale.  The  original  buildings  of  the  university  are  in  Birm- 
ingham and  the  new  buildings,  recently  finished  and  equipped  are 
located  outside  at  Bournbrook  on  a  site  of  ample  area  and  contain 
departments  for  the  study  of  several  branches  of  engineering.  The 
university  is  of  peculiar  interest  to  Americans  as  it  represents  the 
latest  developments  among  English  institutions  for  technical  train- 
ing. The  equipment  was  selected  only  after  an  extended  studj-  of 
both  American  and  European  universities  and  is  aimed  to  be  evenly 
balanced  in  the  various  departments  rather  than  providing  for 
specializing  as  in  certain  of  the  American  schools  of  engineering. 

The  concluding  event  in  Birmingham  was  a  reception  at  the  Council 
House  on  Wednesday  evening,  attended  by  about  1000  guests,  at 
which  the  Lord  Mayor  and  Lady  Mayoress  and  various  city  officials 
received.  There  was  music  and  a  collation;  and  addresses  express- 
ing gratitude  to  the  Lord  Mayor  and  Lad}^  Mayoress  were  made 
by  President  Aspinall  and  Dr.  Goss,  thanking  them  for  the  extra- 
ordinary kindness  displayed  in  the  visit  of  the  engineers  and  their 
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friends  to  the  city.  The  Lord  Mayor  repHed,  humorously  express- 
ing his  own  gratification  that  the  efforts  of  the  people  of  Birmingham 
to  entertain  their  guests  had  been  so  much  enjoyed. 


PROFESSIONAL    SESSION    AT    LONDON 

The  third  professional  session  was  held  in  the  rooms  of  the  Institu- 
tion of  Civil  Engineers,  London,  the  subject  for  discussion  being  the 
Electrification  of  Railways.  In  the  unavoidable  absence  of  Mr, 
James  C.  Inglis,  president  of  the  Institution,  Mr.  Alexander  Siemens, 
senior  vice-president,  welcomed  the  members  of  the  two  Societies. 

President  Aspinall  in  replying  expressed  his  gratification  that  the 
meeting  could  be  held  in  the  present  building  of  the  institution, 
because  a  new  building  was  shortly  to  be  erected  and  when  their 
American  friends  paid  their  next  visit  to  England  they  would  be  able 
to  inspect  the  new  home  of  that  institution.  Dr.  Goss  also  fittingly 
responded. 

Of  the  papers  presented,  that  by  George  Westinghouse  on  the 
Electrification  of  Railways  compared  the  present  status  of  electrifi- 
cation to  the  conditions  existing  some  years  ago  in  this  country 
when  railroads  used  different  gages  of  track,  preventing  interchange 
of  rolling  stock  and  the  operation  of  through  trains.  Different  roads 
are  now  employing  different  systems  of  current  supply  in  their 
electrification  projects  which  will  eventually  interfer  with  the  transfer 
of  traffic  from  one  road  to  another.  The  author  called  attention  to 
the  danger  of  this  practice  and  pleaded  for  the  adoption  of  a  uniform 
system  before  electrification  is  extended  far  enough  to  bring  about 
the  difficulties  mentioned.  In  this  connection  he  summarized  by 
the  use  of  tables,  diagrams  and  photographs  the  advantages  and 
disadvantages  of  the  direct  current,  three-phase  and  single-phase 
systems  and  outlined  the  operating  experiences  of  various  railroads, 
both  in  this  country  and  abroad,  with  the  use  of  these  systems. 

W.  B.  Potter,  Mem.Am.Soc.M.E.,  discussed  in  his  paper  on 
Economics  of  Railway  Electrification  the  commercial  and  economic 
considerations  governing  the  electrification  of  railways,  outlined 
the  relative  advantages  of  steam  and  electricity  and  considered  the 
conditions  of  operation  with  various  requirements  of  service  as  affect- 
ing the  problem.  He  believed  that  the  use  of  the  1200-volt  direct- 
current  system  for  interurban  railroads  will  greatly  increase  and 
anticipated  the  entire  discontinuance  of  the  single-phase  system. 


12  SOCIETY   AFFAIRS 

The  Electrification  of  Trunk  Lines,  by  L.  R.  Pomeroy,  Mem. 
Am.Soc.M.E.,  discussed  this  subject  from  a  commercial  standpoint 
and  contained  calculations  as  to  the  relative  cost  of  steam  and 
electric  operation.  Examples  were  worked  out  in  detail  for  specific 
cases. 

The  Electrification  of  Suburban  Railways  by  F.  W.  Carter,  JNlem. 
I.M.E.,  discussed  the  present  and  future  of  electrification  in  Eng- 
land, with  particular  attention  to  the  conditions  affecting  suburban 
service.  The  author  saw  little  prospect  of  general  electrification 
in  England,  as  no  advantage  is  apparent  which  would  justify  the 
expense.  Only  in  the  case  of  heavy  suburban  service  is  there  any 
commercial  advantage  accruing  from  electrification. 

H.  M.  Hobart,  Mem.I.M.E.,  in  his  paper  on  The  Cost  of 
Electrically-Propelled  Suburban  Trains,  treated  in  considerable  detail 
the  various  factors  which  enter  into  the  cost  of  electric  suburban 
service  and  their  influence  on  the  choice  of  a  system  of  current 
supply. 

These  papers  were  discussed  by  H.  F.  Parshall,  J.  Dalziel,  Sidney 
Stone,  Charles  F.  Scott,  H.  M.  Hobart,  Angus  Sinclair,  J.  G.  Wilson, 
F.  R.  Hutton,  F.  W.  Carter,  H.  H.  Barnes  and  President  Aspinall. 

ENTERTAINMENT    IN    LONDON 

The  whole  day  Thursday  was  devoted  to  excursions,  three  trips 
being  provided  for.  The  first  of  these  was  to  Coventry  and  Rugby 
with  an  opportunity  to  visit  the  Daimler  works  and  the  plants  of 
Alfred  Herbert,  Willans  and  Robinson,  and  the  British  Thompson 
Houston  Co.  Most  of  the  ladies  went  to  Kenilworth,  Warwick,  and 
Stratford-upon-Avon.     The  other  excursion  was  to  Litchfield. 

Thurdsay  evening  there  was  a  conversazione  at  the  Institution 
House  at  Storey's-gate,  St.  James  Park,  Westminster.  President 
and  Mrs.  Aspinall  received  and  a  brief  lecture  was  given  by  Dr. 
Hele-Shaw  on  the  subject  of  the  Stability  of  Aeroplanes  and  the 
Theory  of  Stream  Lines,  which  was  illustrated  by  lantern  slides 
having  glycerine  forced  between  glass  plates,  giving  a  most  beautiful 
effect. 

On  Friday  afternoon  there  were  garden  fdtes  given  by  Wm.  H. 
Maw,  past-president,  and  Mrs.  Maw,  and  Sir  John  Thornycroft, 
member  of  the  council,  and  Lady  Thornycroft.  Visits  were  also 
arranged  for  those  who  cared  to  go  to  the  museum  of  the  Public 
Record  Office  and  to  the  Times  Office. 
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On  Saturday,  two  excursions  were  arranged  taking  the  entire  day, 
both  covering  the  same  ground  but  in  different  directions.  These 
were  to  Windsor  and  Marlow.  Part  of  the  trip  was  by  special 
train  and  part  by  launches  on  the  Thames.  All  had  an  opportunity 
to  visit  Windsor  Castle  under  the  guidance  of  the  Mayor  of  Windsor. 
Councillor  C.  F.  Dyson  and  several  members  of  the  Institution.  Lun- 
cheon and  tea  were  served  and  the  trips  were  regarded  by  many  as 
the  most  beautiful  of  the  whole  meeting. 

In  the  evening  there  was  an  opportunity  for  a  visit  to  the  Japan- 
British  exhibition  at  Shepards  Bush  and  to  the  Garden  Club. 

On  Sunday  afternoon  a  visit  was  made  to  the  Zoological  Gardens 
in  Regents  Park  and  in  the  evening  a  company  assembled  at  West- 
minster Abbey  to  inspect  the  Baker  Memorial  Window  and  later 
to  attend  the  service  in  the  Nave,  places  being  reserved  for  the 
visitors. 

The  members  of  the  Society  were  especially  interested  in  the 
window  because  the  Society  had  contributed  towards  the  erection 
of  this  memorial  to  the  memory  of  a  man  who  possessed  such  remark- 
able engineering  ability.  It  is  the  first  time  in  Europe  that  a  full 
and  satisfactory  recognition  of  the  execution  of  engineering  work 
has  been  so  appropriately  honored. 

THE    INSTITUTION   DINNER 

The  social  functions  of  the  joint  meeting  were  brought  to  a  close 
on  Fridaj^  evening  in  the  Connaught  Rooms.  The  loyal  toasts 
having  been  drunk  with  enthusiasm ,  Mr.  Aspinall  gave  The  Health 
of  the  President  of  the  United  States  and  Ambassador  Reid 
responding,  said  that  he  was  there  to  recognize  the  peculiar  fitness 
of  a  toast  to  the  President  of  the  United  States  from  the  great  pro- 
fession which  had  wrought  these  marvelous  advances  of  our  modern 
life,  and  was  still  carrying  on  the  high  tradition  of  its  earlier  years. 

Sir  William  White,  proposing  The  American  Society  of  Mechan- 
ical Engineers  recalled  the  fact  that  it  was  founded  but  thirty 
years  ago  and  now  it  had  a  membership  of  about  four  thousand. 
The  English  Institution  was  founded  in  1847.  With  common  objects 
and  common  ideals,  with  a  common  desire  to  do  their  duty  in  the 
cause  of  humanity,  they,  as  the  years  rolled  on,  were  being  drawn 
closer  together,  both  furthering  the  cause  of  civilization  and  all  that 
made  for  the  good  of  humanity,  and  bringing  the  nations  together 
in  happiness,  brotherhood  and  peace.     In  the  maintenance  of  law 
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and  order,  and  the  repression  of  rebellion  and  wrong,  the  mechanical 
engineer  bore  a  prominent  part,  and  the  cause  of  liberty  and  truth 
owed  much  to  him. 

In  acknowledging  the  toast,  Professor  Hutton,  honorary  secre- 
tary of  the  Society,  asserted  amid  general  applause,  that  Americans 
honored  King  Edward,  and  with  Englishmen  mourned  his  death, 
because  they  recognized  in  him  a  man,  self-sacrificing  and  self- 
immolating,  when  by  immolating  himself,  he  could  advance 
the  interests  of  his  great  Empire.  The  present  gathering  was  one 
of  more  than  merely  good  friends.  It  had  an  inner  and  broader 
significance.  It  was  the  culmination  of  a  series  of  meetings  of  the 
mechanical  engineers  from  both  sides  of  the  Atlantic,  and  mechanical 
engineers  were  potent  factors  which  underlay  the  civilization  of  the 
Anglo-Saxon  race.  The  American  was  so  much  at  home  in  the 
United  Kindgom,  because  he  and  his  host  had  a  common  ideal.  As 
long  as  they  had  that  ideal  their  civilization  rested  on  a  bed-rock 
so  massive  that  there  was  no  force  which  could  ever  shake  the 
nations  apart. 

Our  Other  Guest  was  given  by  Mr.  Edward  B.  Ellington,  vice- 
president  of  the  Institution  and  replied  to  by  Dr.  Glacebrook.  Suc- 
cess to  the  Institution  was  proposed  by  Dr.  Goss,  and  acknowledged 
by  the  president. 

A    NOTE    OF    COMMENT 

Of  the  entertainment  provided  the  American  engineers,  it  can 
only  be  said  that  the  Americans  were  literally  overwhelmed  with  the 
courtesies  extended  with  the  preparation  made  for  their  pleasure. 
Collations,  luncheons  or  teas,  were  served  on  every  occasion  and 
there  was  arrangement  even  to  the  extent  of  cab  and  omnibus  con- 
veyance. Not  only  were  the  excursions  for  members  and  guests  con- 
ducted on  most  liberal  plans,  but  the  ladies'  committee  provided  a 
special  program  of  most  entertaining  visits  and  various  other  func- 
tions that  added  much  to  the  delight  of  the  lady  guests. 

A  word  should  be  said  about  the  printed  matter  supplied  by  the 
Institution.  A  program  of  over  thirty  closely-printed  pages  was 
issued,  filled  with  information  most  likely  to  be  desired  by  the  visitors, 
together  with  a  series  of  finely  executed  maps  of  the  principal  places 
to  be  visited  with  the  points  of  interest  and  the  places  where  mem- 
bers were  to  assemble  specially  indicated.  A  souvenir  was  issued 
by  President  Aspinall  as  a  memento  of  the  joint  mooting  contain- 
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ing  beautifully  executed  portraits  of  the  presidents  of  the  two  socie- 
ties of  Stevenson,  Boulton,  Watt,  Trevithick,  Fulton  and  Symington. 
There  were  interesting  anecdotes  and  quaint  illustrations  relating  to 
early  events  in  engineering  compiled  from  various  sources,  together 
witli  a  photograph  of  the  first  hank  of  cotton  spun  by  John  Wyatt. 

A    VOTE    OF  THANKS 

At  the  conclusion  of  the  last  professional  session  a  vote  of  thanks 
was  given  by  the. members  of  The  American  Society  of  Mechanical 
Engineers,  the  text  of  which  follows: 

The  American  Society  of  Mechanical  Engineers,  present  by  invitation  at 
the  closing  session  of  the  joint  summer  meeting  of  1910  with  the  Institution 
of  INIechanical  Engineers  asks  permission  to  offer  for  record  the  following 
minute  and  requests  its  acting  president  to  put  the  resolution  to  vote: 

The  American  Society  of  Mechanical  Engineers  has  been  enveloped  in  an 
atmosphere  of  courteous,  friendly  and  devoted  attention  from  the  moment 
that  the  vessel  which  carried  the  official  and  organized  party  entered  the 
River  Mercy  at  Liverpool.  Beginning  with  the  reception  on  the  steamer,  at 
which  the  president  and  secretary  of  the  Institution  officially  welcomed  the 
party,  in  conjunction  with  representatives  of  the  city  and  other  interests  of 
that  progressive  corporation,  and  continued  through  the  arrangements  for 
comfortable  and  convenient  transportation  by  train  to  the  place  of  first  meet- 
ing, providing  on  arrival  for  ample  and  satisfactory  hotel  accommodations 
and  for  organizing  in  a  masterly  way,  which  extended  even  to  the  most  minute 
detail  for  the  enjoyment  of  the  visitors,  in  affording  opportunities  to  visit 
works  over  the  city,  for  transportation,  and  for  motor  drives  in  the  historic 
midlands  of  England,  the  Institution  of  Mechanical  Engineers  has  placed 
The  American  Society  of  Mechanical  Engineers  under  an  obligation  which 
no  mere  words  or  resolutions  are  an  adequate  medium  to  discharge.  The 
visitors  can  only  assure  the  home  Society,  its  president,  its  council,  its  secre- 
tary and  its  organizing  committee,  that  just  because  they  are  themselves 
organizers  and  doers,  they  are  able  most  thoroughly  to  appreciate  such  work 
well  done. 

The  American  Society  also  appreciates  most  sincerely  the  generous  purpose 
which  has  spared  no  sacrifice  when  the  desired  object  of  the  hosts  has  had  to 
be  met  by  the  ordinary  commercial  procedure  as  respect  outside  parties. 
Hence,  the  Society  moves  and  seconds  the  following  resolution: 

Resolved:  That  The  American  Society  of  Mechanical  Engineers  desires, 
in  addition  to  the  resolutions  passed  in  Birmingham  thanking  those  who  had 
put  both  bodies  under  a  pleasing  debt  of  obligation,  to  put  on  record  certain 
special  resolutions  of  thanks. 

Resolved  :  That  The  American  Society  thanks  the  Institution  of  Mechani- 
cal Engineers,  its  president,  council,  secretary  and  committee  for  their 
ceaseless,  unremitting  and  painstaking  labor  for  the  pleasure  and  success 
of  the  joint  meeting  of  1910  in  Birmingham  and  London. 
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Resolved:  That  this  joint  meeting  will  be  a  memory  of  delight  and  pleas- 
ure for  all  the  Americans  who  have  been  privileged  to  share  in  it. 

Resolved:  That  The  American  Society  of  Mechanical  Engineers  desires 
to  thank  the  Birmingham  Reception  Committee  for  certain  special  considera- 
tions at  their  hands  which  were  extended  exclusively  to  the  American  membeis 
of  the  joint  party  and  requests  the  Institution  to  be  the  channel  for  convey- 
ing such  action  of  thanks. 

Resolved:  That  The  American  Society  of  Mechanical  Engineers  desires 
by  this  action  to  express  for  the  ladies  who  have  accompanied  the  members 
something  of  the  appreciation  of  both  members  and  ladies  for  the  delicate  and 
considerate  attention  which  has  made  their  participation  a  delight  and  a 
possibility;  and  the  members  feel  that  any  international  friendships  springing 
from  these  days  of  close  association  are  sure  to  last  forward  into  happy  future 
years. 

Resolved:  That  The  American  Society  of  Mechanical  Engineers  requests 
the  Institution  of  Mechanical  Engineers  to  incorporate  this  minute  and  action 
as  part  of  it  record  of  the  the  proceedings  of  the  joint  summer  meeting  of  1910. 


MEETING  OF  THE  A.  I.  M.  E.  FN  THE  CANAL  ZONE 

The  members  of  this  Society  have  been  invited  to  join  with  the 
American  Institute  of  Mining  Engineers  during  their  visit  to  the 
Canal  Zone,  October  21  to  November  15,  so  far  as  accommodations 
will  permit.  The  party  sails  from  New  York  on  October  21  on  the 
Hamburg- American  liner  Prinz  August  Wilhelm,  touching  at  Havana 
and  Kingston  en  route  to  Colon.  A  full  week  will  be  spent  in  the 
the  Canal  Zone,  during  which  time  the  party  will  inspect  the  work 
on  the  canal  in  addition  to  holding  professional  sessions.  The  cost 
of  the  trip,  including  berth  and  meals  on  the  steamer,  railroad  trans- 
portation, meals  and  accommodations  at  the  Hotel  Tivoli  in  the 
Canal  Zone,  will  be  $200.  This  rate  holds  good  until  September 
20,  after  which  an  additional  charge  of  $50  will  be  made  by  the 
steamship  company.  Further  details  regarding  the  arrangements 
for  the  trip  may  be  obtained  from  Dr.  Joseph  Struthers,  Assistant 
Secretary  of  the  Institute. 


NECROLOGY 

JOHN    DENISON    EVARIS   DUNCAN 

John  Denison  Evarts  Duncan,  Life  Member  of  the  Society,  was 
born  at  Union  Falls,  N.  Y.,  July  26,  1871.  His  preparations  for  his 
university  course  was  in  the  high  school  of  Ann  Arbor,  Mich.,  and  in 
1893  he  was  graduated  from  the  University  of  Michigan  with  the  de- 
gree of  B.S.  in  electrical  engineering  and  in  1894  from  Cornell  Uni- 
versity with  the  degree  of  M.E.  From  1894  to  1896  Mr.  Duncan  was 
employed  by  the  Terre  Haute  Street  Railway  Company,  Terre  Haute, 
Ind.,  and  the  Stanley  Electric  Manufacturing  Company,  Pittsfield, 
Mass.  With  the  latter  company  he  was  associated  with  Mr.  Stanley 
and  Mr,  Chesney  in  their  extensive  experimental  work  connected 
with  the  solving  of  the  earl}^  high  tension  problems  which  were  first 
studied  and  worked  out  at  their  factory.  On  leaving  the  Stanley 
Electric  Manufacturing  Company,  Mr.  Duncan  successively  held 
positions  in  New  York  with  the  Metropolitan  Street  Railway  Com- 
pany; the  Western  Electric  Company ;  the  New  York  Telephone  Com- 
pany; Westinghouse,  Church,  Kerr  and  Company;  and  the  Consoli- 
dated Railway  Electric  Lighting  and  Equipment  Company.  In 
1901  Mr.  Duncan  entered  the  emplo}^  of  Sanderson  and  Porter,  52 
William  Street,  New  York,  and  in  1903  was  sent  to  Portsmouth,  N.  H., 
by  his  firm  to  construct  a  1000-kilowatt  power  station  for  the  Rock- 
ingham County  Light  and  Power  Company.  At  the  time  of  his  death, 
July  13,  1910,  he  held  the  position  of  managing  engineer  mth  the  same 
firm.  While  directing  the  engineering  work  of  this  firm  Mr.  Duncan 
was  in  responsible  charge  of  the  design  and  execution  of  many  large 
and  diversified  projects  and  well  earned  the  high  esteem  and  confi- 
dence of  his  employers,  associates  and  friends  in  engineering  and  busi- 
ness circles.  All  who  knew  him  and  his  work  recognized  his  versa- 
tility, sound  judgment  and  exceptional  ability. 

Mr,  Duncan  was  a  member  of  the  American  Institute  of  Electrical 
Engineers,  the  Brooklyn  Engineers  Club,  the  Engineers  Club  of  New 
York,  the  Machinery  Club  of  the  City  of  New  York,  the  Michigan 
Club  of  New  York,  the  University  of  Michigan  Club,  and  the  Cor- 
nell University  Club  of  New  York. 
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JAMES  B.  FAULKS,  JR. 

James  B.  Faulks,  Jr.,  was  born  December  13,  1873,  at  East  Orange, 
N.  J.  After  his  early  education  in  the  pubhc  schools,  he  attended  the 
Bordentown  Militarj^  Institute  and  later  entered  Stevens  Institute 
of  Technolog}^  from  which  he  was  graduated  in  1896  with  the  degree 
of  M.E.  He  held  during  his  lifetime  many  positions  of  prominence 
in  engineering  work,  among  which  may  be  mentioned  that  of  drafts- 
man with  the  Standard  Air  Brake  Company,  of  engineer  of  tests  with 
the  Edison  Electric  Illuminating  Company,  of  designer  Avith  the  Harris- 
burg  Foundry  and  Machine  Works  and  also  with  the  Crocker- Wheeler 
Company  and  of  mechanical  engineer  with  the  New  York  Safety 
Steam  Power  Company.  He  was  also  prominent  in  connection  with 
experimental  work  on  the  Roumaine  Cultivator,  and  was  identified 
with  research  work  in  gas  engines.  In  1904  Mr.  Faulks  accepted 
a  position  at  Syracuse  University  as  an  instructor  in  the  L.  C.  Smith 
College  of  Applied  Science,  and  at  the  time  of  his  death,  July  14,  1910, 
was  professor  of  experimental  engineering  in  the  same  college. 

Professor  Faulks  was  a  Junior  Member  of  the  Society  and  also 
a  member  of  the  Technology  Club  of  Syracuse. 

WILLIAM    W.    SNOW 

William  W.  Snow  who  died  at  his  home  in  Hillburn,  N.  Y.,  April 
26,  1910,  was  born  at  Heath,  Franldin  County,  Mass.,  July  17,  1828. 
At  fifteen  years  of  age  he  took  up  the  book-binding  trade,  but  at  the 
end  of  three  years  left  it  to  become  assistant  civil  engineer  with  the 
Worcester  and  Nashua  Railroad.  In  1848  he  went  to  Woonsocket,  R.  I., 
and  for  the  five  succeeding  years  was  employed  in  the  foundry  at 
that  place,  when  he  accepted  a  position  as  superintendent  of  the 
Indianapolis  City  Foundry.  In  1856  he  established  a  factor}^  at 
Newburgh,  N.  Y.,  for  the  manufacture  of  car  wheels.  This  business 
was  successfully  carried  on  under  the  general  management  of  Mr. 
Snow  until  1859,  when  he  withdrew  his  interests  to  become  general 
manager  of  the  Union  Car  Wheel  W^orks,  Jersey  City,  N.  J.  In 
1866  Mr.  Snow  came  to  Ramapo,  N.  Y.,  and  with  others  organized 
the  Ramapo  Wheel  and  Foundry  Company,  of  which  he  a\  as  made 
general  manager  and  superintendent  and  finally  president.  In  1881 
he  organized  the  Ramapo  Iron  Works  in  Hillburn,  N.  Y.,  a  village 
founded  by  himself.  Nine  years  later  he  b(>gan  the  erection  of  com- 
modious buildings  in  Mahwah  and  installed  therein  the  Ramapo 
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Iron  Foundr}^  Company.  He  was  the  president  of  this  company 
until  its  consolidation  with  the  American  Brake  Shoe  and  Foundry 
Company  when  he  became  chairman  of  its  Executive  Board,  which 
position  he  held  at  his  death. 

In  1895  Mr.  Snow  was  appointed  bj-  Governor  Morton  one  of  the 
New  York  State  commissioners  to  the  Atlanta,  Ga.,  Exposition.  He 
joined  this  Society  in  1889  and  was  also  a  member  of  clubs  in  Boston 
Philadelphia  and  Chicago.  He  was  well  known  in  European  circles 
as  one  of  the  most  prominent  manufacturers  of  this  country. 

WILLIAM    E.    CRANE 

William  E.  Crance  died  on  May  22,  at  Duluth,  Minn.,  after  a 
short  illness.  He  was  born  in  Burlington,  Conn.,  and  received  his 
early  education  at  the  local  schools.  At  fourteen  years  of  age  he 
began  to  apply  himself  to  engineering  and  two  years  later  took  charge 
of  a  small  engine  at  Bristol,  Conn.  He  later  went  to  Waterbury  where 
for  twenty-five  years  he  was  connected  with  the  Benedict  and  Burn- 
ham  Company  as  chief  engineer.  After  severing  his  connection  with 
this  firm  he  became  consulting  engineer  for  the  New  England  Engi- 
neering Company  and  designed  several  power  plants  of  considerable 
importance,  notably,  that  of  the  Kings  County  Electric  Light  and 
Power  Company,  the  Passaic  Electric  Light  and  Power  Company 
and  the  Albany  and  Hudson  Railway  Company.  Later  he  w^as  chief 
engineer  at  the  Hotel  Astor  in  New  York  City,  but  failing  health 
forced  him  to  resign  and  seek  the  climate  of  Minnesota. 

Mr.  Crane  was  a  member  of  the  National  Association  of  Steam 
Engineers  as  well  as  of  this  Society,  which  he  joined  in  1887.  He  was 
the  author  of  a  treatise  on  American  Stationary  Engineering  and  had 
the  distinction  of  being  the  first  man  to  use  the  double  eccentric 
on  a  Corliss  engine.  In  addition  to  his  engineeiing  activities  he  took 
a  keen  interest  in  public  affairs  and  contributed  much  to  the  press 
on  social  conditions. 


THE  STRENGTH  0¥  CAST-IRON  PUNCH  AND 
RIVETER  ERAMES 

By  Prop.  A.  L.Jenkins,  Published  in  the  Journal  for  May  1910 

ABSTRACT  OF  PAPER 

A  brief  resume  is  given  of  the  important  theories  proposed  for  the  analysis 
of  stresses  in  straight  cast-iron  beams.  The  examination  of  the  various  formulae 
proposed  for  curved  beams  shows  that  certain  assumptions  made  in  their  deri- 
vations are  not  true  for  cast  iron.  Tests  on  small  castings,  similar  in  shape  to 
punch  frames,  failed  to  verify  any  given  formula.  The  relation  between  the 
strength  of  frames  and  the  test  bars  cast  with  them  is  approximately  represented 
by  the  ordinary  formula  for  straight  beams  subjected  to  combined  bending  and 
tension.  A  criticism  of  the  Resal  and  Pearson-Andrews  foimulae  states  that  they 
are  not  true  for  cast  iron,  are  unwieldy  in  their  application  and  involve  con- 
siderable chance  of  error.  Some  of  the  castings  failed  in  a  very  peculiar  man- 
ner, and  undei  a  load  much  smaller  than  that  predicted  by  the  formulae,  which 
suggests  the  advisability  of  investigating  such  machine  parts  by  a  different 
method.  The  writer  claims  that  calculations  based  on  the  load-deflection  curve 
drawn  by  an  autographic  recorder  on  a  testing  machine  are  of  no  value. 

DISCUSSION 

James  Christie.  The  experiments  of  Professor  Jenkins  show  the 
existence  of  serious  stresses  at  the  junction  of  thick  and  thin  sections 
of  the  castings.  This  accounts  for  the  failure  of  specimens  Nos.  4, 
5  and  12  at  test  loads  one-third  less  than  for  specimens  Nos.  6  and 
14,  whereas  the  estimated  resistance  of  the  latter,  due  to  increased 
web  thickness,  is  only  10  per  cent  greater  than  the  former.  Fair- 
bairn  and  Hodgkinson  observed  this  fact  in  their  experiments  during 
the  middle  of  the  past  century,  and  aimed  to  obviate  it  by  gradually 
tapering  the  thick  into  the  thin  sections,  a  practice  of  experienced 
designers  today.  Indeed,  the  same  lines  of  weakness  have  been  ob- 
served in  rolled  sections,  illustrated  in  the  tests  of  rolled  I-beams  by 
Professor  Marburg.^ 

2  It  is  generally  believed  that  these  internal  stresses  are  relieved 
by  molecular  adjustment  in  course  of  time.    The  author  does  not  in- 
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form  us  what  time  elapsed  between  the  casting  and  testing  of  his 
specimens.  If  the  time  was  quite  brief,  satisfactory  results  could  not 
be  expected  from  the  tests. 

3  The  writer  desires  to  direct  attention  to  what  he  believes  to  be 
a  secondary  stress  occurring  in  the  frames  of  tools  of  this  class,  and  if 
the  views  hereafter  stated  are  incorrect,  desires  to  be  corrected. 

4  In  clamps  shaped  like  A  in  Fig.  1  it  has  been  observed  that 
when  the  back  of  the  clamp  is  weak  as  compared  with  the  arms,  the 
back  deflects  inward  when  the  clamp  is  subjected  to  a  distending 
force  at  the  ends  of  the  arms,  making  the  piece  assume  the  shape  B. 
A  similar  tendency  has  been  noticed  in  punching  machines  with  a 
weak  back  or  spine,  indicating  that  the  flexure  inward  of  the  beam 


Fig.  1    Deformation  of  Clamp  under  Stress 

forming  the  spine  of  the  frame  arises  from  the  distending  force  ap- 
plied at  the  outer  end  of  the  arms.  This  force  acts  through  lever  arms 
whose  length  can  be  taken  as  the  distance  from  the  neutral  axis  or 
center  of  gravity  of  the  spine  to  the  end  where  the  force  is  applied 
and  is  resisted  by  the  beam  of  the  spine  whose  length  may  be  taken 
as  the  distance  between  the  neutral  axes  at  the  junction  of  the  arms 
and  the  spine,  or  resisting  lever  arms  half  the  length  of  this  beam. 

5  This  inward-acting  transverse  stress  can  be  directly  resolved 
into  its  resultant  flange  stresses.  The  resultant  tension  on  the  inner 
flange  is  believed  by  the  writer  to  be  independent  of  and  supple- 
mentary to  the  tension  of  the  same  flange  resulting  from  the  direct 
action  of  the  applied  stress  acting  through  the  lever  arms  of  the  frame. 

6  Let  us  test  this  assumption  by  applying  it  to  the  author's 
specimens  Nos.  6  and  14  with  the  web  0.93  in.  thick.  From  a  practi- 
cal point  of  view,  in  computation  it  is  unnecessary  to  resort  to  the 
tedious  process  of  calculating  the  flexural  moments  of  the  section, 
with  all  the  doubts  involved,  especially  when  considering  unsymmet- 
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rical  sections  of  cast  iron.  By  adding  one-sixth  of  the  web  area  to 
the  flanges  we  can  deal  with  the  latter  alone  and  proceed  by  the  simple 
and  direct  law  of  the  lever.  When  considering  rupture  in  cast-iron 
beams,  tension  flange  alone  can  be  regarded,  as  rupture  usually  starts 
in  the  tension  flange,  irrespective  of  the  magnitude  of  the  compres- 
sion flange. 

7  It  is  good  practice  to  assume  the  ultimate  tensile  strength  of 
ordinary  cast  iron  at  from  15,000  to  18,000  lb.  per  sq.  in.  according 
to  the  thickness  of  the  metal,  and  in  consideration  of  the  unequal 
distribution  of  stress  through  beam  flanges.  For  specimens  Nos.  6 
and  14  the  average  unit  resistance  of  the  tension  flange  is  assumed  to 
be  18,000  lb.  per  sq.  in.  of  section,  the  effective  flange  area  is  3.54 
sq.  in.  and  total  flange  resistance  63,720  lb.  The  positive  lever  arm 
from  the  point  where  the  stress  is  applied  to  the  center  of  the  back 
flange  is  12.55  in.  and  the  resisting  lever  arm  or  distance  between  inner 
and  outer  flange  centers  is  4.25  in.    Calling  the  testing  stress  applied 

X,  — '- =  2.95  X  =  the  stress  on  the  inner  or  tension   flange 

4.25 

resulting  from  this  source  alone. 

8  Considering  the  secondary  stresses,  the  positive  lever  arm  as 
heretofore  denoted  would  be  9.5  in.  long,  and  the  effective  beam  length 
of  the  spine  would  be  about  6.5  in.  long.     From  these  we  have 

9  5  X 

_: X  2  =  5.85  X  =  the  transverse  stress  acting  inwards  on 

3.25 

the   spine.      Resolving    this    as   before   by  simple    leverage    gives 

2  92  X  X  3  25 
'- —  =  2.23  X  as  the  resulting  secondary  tension  on  the 

4.25 

inner  flange.    Hence,  2.95  X  +  2.23  X  =  5.18  X  =  total  tension  in  the 

63720 

flange  or  X  = =  12,300  lb.,  which   agrees  closely  with    the 

5.18 

ultimate  test  load  obtained  by  the  author  on  specimens  Nos.  6  and 

14. 

9  Referring  to  Fig.  1  of  the  paper,  specimens  Nos.  1,  2  and  3, 
whose  back  or  spine  are  rectangular  in  section,  4  in.  by  2.5  in.,  assume 
this  to  be  modified  into  a  flanged  section,  for  simplicity  of  computation 
only.  It  can  be  shown  that  the  ultimate  transverse  strength  of  a 
cast-iron  beam  of  rectangular  section  is  identical  with  that  of  an  equal 
flanged  section  of  the  same  depth  and  sectional  area,  when  the  flange 
widths  are  about  seven-eighths  of  the  depth  of  the  beam  and  the  web 
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a  minimum.  This  modification  gives  a  tension  flange,  3.5  X  1.43  = 
5  sq.  in.,  and  2.57  in.  between  centers  of  flanges,  which  is  the  resisting 
lever  arm.     The  positive  lever  arm  by  the  figure  becomes  10.28  in. 

10  28  X 

long  and  we  have  as  before  — '— =  4  Z  =  tension  on  the  inner 

2.57 

flange  of  spine  from  this  source.  The  inward-acting  transverse  stress 
on   the    spine,    obtained    as   in   the    previous   instance,  would   be 

9  X 

X  2  =  5.1  X,  and  the  resulting  secondary  tension  on  the  interior 

3.5 

2  55  X  -I-  3  5 

flange  would  be  -^ "    =  3.5  X,  and  the  total  tension  on  the 

2.57 

flange  =  4  X  +  3.5  X  =  7.5  X.  But  the  maximum  tensile  strength 
of  the  flange  of  5-sq.  in.  area  (assuming  the  unit  stress  at  17,000  lb. 
persq.  in.)  =  85,000  lb.,  therefore  X  =  11,3001b.,  which  compares 
closely  with  the  actual  results  of  the  tests  for  specimens  Nos.  1,  2  and 
3. 

10  It  would  have  added  to  the  interest  of  the  test,  if  the  author 
had  recorded  the  deflection  of  his  specimens  under  various  loads,  for 
while  the  compresssion  flange  has  little  significance  in  offering 
resistance  to  rupture,  yet  it  probably  excercises  an  important 
influence  in  resisting  deflection,  a  feature  entirely  ignored  by  Fair- 
bairn  and  Hodgkinson  when  recommending  their  well-known  type 
of  beam,  although  this  influence  was  previously  recognized  by  Tred- 
gold. 

Prof.  Walter  Rautenstrauch.  I  was  much  surprised  to  find 
that  Professor  Jenkins'  experiments  with  cast-iron  frames  of  the  C 
form  had  led  him  to  the  conclusion  that  the  Andrews  and  Pearson 
formula  gave  results  which  were  absurd  when  compared  with  those 
obtained  by  experiment.  That  the  analysis  should  be  so  very  in- 
correct when  applied  to  cast  iron  was  quite  contrary  to  the  opinion  I 
had  held  after  my  experiments  with  hooks  of  wrought  iron  and  cast 
steel,  the  results  of  which  are  reported  in  the  American  Machinist, 
October  7,  1909. 

2  The  table  of  breaking  loads  and  maximum  stress  at  breaking 
load,  a  quantity  I  have  never  been  able  to  compute  by  any  standard 
formula,  was  interesting  but  not  at  all  adapted  to  throw  any  light  on 
the  subject  of  the  relation  between  load  and  maximum  intensity  of 
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stress  in  cast-iron  frames  of  this  sort.  In  order  that  I  might  learn  the 
true  state  of  affairs  at  first  hand,  I  had  a  few  castings  prepared  similar 
to  the  one  shown  in  Fig.  1  of  Professor  Jenkins'  paper,  and  tested 
them.    The  results  of  these  tests  follow. 

3  Four  castings  with  dimensions  as  shown  in  Fig.  1  were  prepared, 
two  by  the  Isaac  G.  Johnson  Company  and  two  by  another  firm. 
The  latter  two  were  found  to  be  very  defective,  being  full  of  blow 
holes  and  imperfections  which  made  the  results  of  tests  on  them  of 
no  value.  The  C  castings  were  tested  in  a  Riehle  100,000-lb.  testing 
machine,  and  the  separation  of  the  points  A  and  B  were  read  by  a 
micrometer  caliper  to  ten-thousandths  of  an  inch.  Loads  and  read- 
ings were  taken,  as  shown  in  Table  1.  Casting  No.  1  broke  as 
shown  in  Fig.  1.  The  relation  between  load  and  opening  is  shown 
in  Fig.  2. 


Fig.  1     Dimensions  of  Test  Specimens 


4  In  tests  on  casting  No.  2  (Table  2)  the  piece  broke  in  the  same 
manner  as  casting  No.  1  and  as  shown  in  Fig.  1.  Fig.  3  shows 
graphically  the  rate  of  opening  with  increase  of  load. 

5  Tension-test  specimens  and  compression-test  specimens  of 
standard  form  were  cut  from  each  casting,  as  shown  by  dotted 
lines  in  Fig.  1,  and  tested  in  an  Emery  hydrauhc  testing  machine  of 
200,000-lb.  capacity  (Tables  4  and  5).  The  results  are  plotted  in 
Fig.  4  and  Fig.  5.  The  compression  specimen  from  casting  No.  1 
was  ruined  and  could  not  be  used.  The  results  of  the  tests  on  the 
specimen  from  casting  No.  2  are  shown  in  Table  3  and  Fig.  5. 

6  From  the  dimensions  of  the  principal  cross  section  of  castings 
Nos.  1  and  2,  as  shown  in  Fig.  1,  the  functions  71  and  72  of  the 
Andrews  and  Pearson  formula  were  computed  graphically  and  checked 
by  analytical  methods,  giving  71  =  1.126,  72  =  0.119.  The  radius 
of  curvature  of  the  belly  of  the  casting  was  found  to  be  r  =  3.75  in. 


1264 


DISCUSSION 


The  distance  from  the  point  of  apphcation  of  the  load  to  the  center  of 
gravity  of  the  principal  cross  section  was  found  to  be  L  =  9.3  in. 


TABLE  1    TESTS   ON   CASTING   NO. 


Load 

Caliper  Reading 

Total  Opening 

Load 

Caliper  Reading 

Total  Opening 

0       . 

10500 

0.3420 

0.0799 

500 

0.2621 

11000 

0.3468 

0.0847 

1000 

0.2642 

0.0021 

11500 

0.3515 

0.0894 

1500 

0.2675 

0.0054 

12000 

0.3567 

0.0946 

2000 

0.2712 

0.0091 

12500 

0.3617 

0.0996 

2500 

0.2745 

0.0124 

13000 

0.3702 

0.1081 

3000      . 

0.2783 

0.0162 

13500 

0.3738 

0.1117 

3500 

0.2824 

0.0203 

14000 

0.3772 

0.1151 

4010 

0.2862 

0.0241 

14500 

0.3822 

0.1201 

4500 

0.2891 

0.0270 

15000 

0.3878 

0.1256 

5000 

0.2944 

0.0323 

15500 

0.3942 

0.1321 

5500 

0.2988 

0.0367 

16000 

0.4000 

0.1379 

6000 

0.3025 

0.0404 

16500 

0.4050 

0.1429 

6500 

0.3068 

0.0447 

17000 

0.4102 

0  1481 

7000 

0.3110 

0.0489 

17500 

0.4172 

0  1551 

7500 

0.3153 

0.0532 

18000 

0.4228 

0  1607 

8000 

0.3200 

0.0579 

18500 

0.4298 

0.1677 

8500 

0.3242 

0.0621 

19000 

0.4354 

0.1733 

9010 

0.3282 

0.0661 

19500 

0.4432 

0.1811 

9500 

0.3329 

0.0708 

20000 

0.4493 

0.1872 

10000 

0.3380 

0.0759 

20500 
21000 

0.4569 
Broke 

0.1948 

TA 

BLE   2    TESTS 

ON   CASTING    NO.  2 

Load 

Caliper  Reading 

Total  Opening 

Load 

Caliper  Reading 

Total  Opening 

0 

11070 

0.3795 

0.0844 

500 

0.2951 

12000 

0.3885 

0.0934 

1080 

0.2981 

0.0030 

13020 

0.3992 

0.1041 

2040 

0.3050 

0.0099 

14010 

0.4079 

0.1146 

2930 

0.3123 

0.0172 

14970 

0.4207 

0.1256 

4030 

0.3202 

0.0251 

15770 

0.4300 

0.1349 

5050 

0.3279 

0.0328 

16810 

0.4417 

0.1466 

7040 

0.3450 

0.0499 

18010 

0.4548 

0.1597 

8030 

0.3533 

0.0582 

18980 

0.4677 

0.1726 

9000 

0.3611 

0.0G60 

20000 

Broke 

10030 

0.3709 

0.0758 

The  distance  from  the  center  of  gravity  to  the  point  most  strained 
in  tension  was  found  to  be  c  =  1.8  in.  The  area  of  the  section  was 
9  sq.  in.  The  moment  of  inertia  of  the  section  al)()ut  the  gravity  axis 
was  9.72  biqiiad.  in.     The  modulus  of  elasticity  in  compression  was 
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TABLE   3    COMPRESSION   TEST    ON   CASTING    NO.   2 
Diameter  of  Specimen  =  1  in. 


Actual  Load 

Load  per  sq.  in. 

Total  Compres. 

Actual  Load 

Load  per  sq.  In. 

Total  Compres. 

0 

8000 

10200 

0.00120 

500 

637 

0.00005 

9000 

11460 

0.00140 

1000 

1273 

0.00010 

10000 

12720 

0.00160 

1500 

1910 

0.00015 

15000 

19100 

0.00280 

2000 

2550 

0.00015 

20000 

25440 

0.00380 

2500 

3180 

0.00020 

25000 

31800 

0.00510 

3000 

3820 

0.00020 

30000 

38200 

0.00690 

3500 

4460 

0.00035 

35000 

44600 

0.00900 

4000 

5100 

0.00035 

40000 

51000 

0.01200 

5000 

6360 

0.00055 

45000 

57400 

0.01500 

6000 

7650 

0.00070 

50000 

63600 

0.22000 

7000 

8900 

0.00090 

89800 

114600 

Failure 

TABLE  4    TENSION   TEST   ON   CASTING   NO.   2 

Diameter  of  Specimen  =  0.503  in. 


Actual  Load 

Load  per  sq.  In. 

Total  Extension 

Actual  Load 

Load  per  sq.  in. 

Total  Extension 

0 

0 

0.00000 

3)0'J 

15000 

0.00350 

500 

2500 

0.00045 

35J0 

17500 

0.00450 

1000 

5000 

0.00100 

4000 

20000 

0.00570 

1500 

7500 

0.00155 

4500 

22500 

0.00720 

2000 

10000 

0.00210 

5000 

25000 

0.01130 

2500 

12500 

0.00270 

Failure 

TABLE   5    TENSION    TEST   ON   CASTING    NO.    1 
Diameter  of  Specimen  =  0.506  in. 


Actual  Load 

Load  per  sq.  In. 

Total  Extension 

Actual  Load 

Load  per  sq.  in. 

Total  Extension 

0 

2500 

12500 

0.00225 

500                       2500 

0.00030 

3000 

15000 

0.00305 

1500                       5000 

0.00060 

3500 

17500 

0.00420 

1500                       7500 

0  00095 

4000 

20000 

2000                      10000 

0  00165 

Grips  slipped  at  40001b.  and  the  experiment  was  discontinued. 
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about  14,000,000  and  the  modulus  of  elasticity  computed  from  the 
readings  of  the  extensometer  about  9,000,000  in  the  first  case  and 
about  6,000,000  in  the  second  case. 

7  The  extensometer  used,  which  was  one  devised  by  the  officers 
in  the  materials  testing  laboratory  of  Columbia  University,  is  consid- 
ered more  adaptable  to  measuring  changes  in  the  rate  of  stretch  with 
load  than  the  exact  stretch  at  any  particular  load.  This  is  especially 
true  with  short  specimens  such  as  were  used  in  these  tests.  For 
this  reason  it  is  assumed  that  the  modulus  in  compression  and 
tension  are  approximately  equal,  although  it  cannot  be  proved  })y 
these  tests. 
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Fig.  2    Rate  of  Opening  with  Increase  of  Load 

8  For  frames  of  these  proportions,  on  the  basis  that  the  stress  in 
the  material  is  proportional  to  the  strain  and  that  the  modulus  of 
elasticity  in  tension  is  identical  with  the  modulus  of  elasticity  in 
compression,  and  assuming  n  =  j,  the  analysis  of  Andrews  and 
Pearson  results  in  the  following  formulation: 


+  il 
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FiQ.  4      Stress-Strain  Diagram 
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Fig.  3     Ratio  of  Opening  with  Increase  of  Load 
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where  the  notation  is  the  same  as  that  employed  b>-  Professor  Jen- 
kins. Substituting  the  values  applicable  to  these  castings,  it  is  found 
that 

S  =  2.035  W 

Upon  inspection  of  Fig.  2  it  will  be  noted  that  casting  No.  1  begins 
to  change  its  rate  of  opening  at  some  load  between  2500  and  2750  lb. 
and  accordingly  the  rate  of  stretch  with  load  on  the  tensile  test  speci- 
men is  predicted  to  change  at  a  load  between  7100  lb.  and  7800  lb. 
per  sq.  in.    Reference  to  Fig.  6  will  show  that  the  change  in  the  rate 
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Figs.  5  and  6     Stress-Strain  Diagrams 

of  stretch  with  load  when  the  specimen  was  tested  in  tension  took 
place  at  7500  lb.  per  sq.  in.  Casting  No.  2  begins  to  change  at  about 
14,150  lb.  per  sq.  in.  Referring  to  Fig.  5  it  is  seen  that  the  change  in 
the  rate  of  stretch  in  the  specimen  when  tested  in  tension  takes  place 
at  about  13,750  lb.  per  sq.  in. 

9     According  to  the  formula  usually  apphed  to  such  cases  the  fol- 
lowing results  would  be  expected 

^      Mc  ,   W 

O  =   -i- 

I        A 

in  which  the  symbols  are  as  used  by  Professor  Jenkins.  For  the 
particular  dimensions  of  these  castings  the  formula  may  be   written 


>^  =  1.834  W 
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For  casting  No.  1  this  formula  would  indicate  that  for  a  tensile  stress 
of  7500  lb,  per  sq.  in.  a  load  of  4100  lb.  would  be  required,  while  for 
casting  No.  2  in  order  that  the  tensile  stress  reach  13,750  lb.  a  load 
of  7500  lb.  would  be  required.  A  comparison  of  the  results  of  these 
analyses  wtih  the  experimental  results  is  sufficient  proof  of  the 
accuracy  of  the  Andrews  and  Pearson  formula. 

10  In  criticism  of  Professor  Jenkins'  paper  it  is  noted  that  the 
statement  made  in  Par.  13  that  the  results  of  the  stress  predicted  by 
the  Andrews  and  Pearson  formula  is  absurd,  is  unj  ust  and  misleading. 
The  formula  is  not  intended  to  be  used  to  compute  stresses  up  to  the 
breaking  point  of  the  material  and  such  an  application  of  the  formula  is 
proof  of  nothing.  That  Professor  Jenkins  found  the  rate  of  opening  of 
the  frames  with  load  practically  constant  as  stated  in  Par.  29  is  evidence 
of  the  fact  that  the  method  employed  in  determining  the  openings  at 
different  loads  was  not  sufficiently  refined .  In  conducting  experiments 
of  this  sort  great  accuracy  and  refinement  must  be  used  with  either 
wrought-iron  and  cast-iron  specimens  or  no  results  need  be  expected. 

11  In  regard  to  the  statement  made  in  Par,  5  relating  to  the  value 
of  Poisson's  ratio,  it  will  be  found  that  a  change  in  this  ratio  from  0.25 
to  0.30  will  not  affect  the  result  more  than  3  per  cent. 

12  Because  of  the  results  of  these  few  experiments  and  in  view  of 
the  fact  that  Professor  Jenkins'  method  of  experimentation  and  analysis 
was  not  adapted  to  proving  any  theory  of  stress-strain  relations,  it 
is  believed  that  the  case  against  the  Andrews  and  Pearson  formula  is 
not  proved. 

13  In  conclusion,  attention  is  called  to  the  fact  that  the  uncertain 
nature  of  cast  iron  and  the  impossibility  of  determining  the  effect 
of  shrinkage  stresses  and  imperfections  in  the  casting  involve  a  con- 
siderable element  of  doubt  as  to  the  proper  working  stress  to  be  al- 
lowed, no  matter  what  analysis  of  stress-strain  relations  is  used.  But 
these  uncertainties  do  not  justify  the  application  of  inaccurate  form- 
ulae for  the  determination  of  the  relation  between  load  and  maximum 
intensity  of  stress.  In  fact  a  more  accurate  analysis  of  the  case  as 
seems  to  be  given  by  the  Andrews  and  Pearson  formula  tends  to  les- 
sen the  elements  of  uncertainty. 

Frank  I.  Ellis.  I  have  always  felt,  as  have  my  associates  who 
have  had  considerable  experience  on  this  line  of  work,  that  the  rela- 
tion of  the  ultimate  strength  of  a  curved  cast-iron  specimen  to  that 
of  an  attached  test  bar  is  a  very  difficult  one  to  determine.    We  do 
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not  think  anything  can  ])e  gained  by  making  sample  curved  sections 
such  as  carried  out  by  the  author  of  the  paper,  unless  they  are  made 
full  size.  We  have  found  that  in  comparing  different-sized  machines, 
for  instance,  one  with  a  housing  weighing  approximately  9000  lb. 
against  one  with  a  housing  weighing  40,000  lb.,  the  relative  values  as 
compared  with  a  test  bar  are  not  at  all  the  same.  We  have  made  no 
special  tests  for  several  years,  but  carry  out  all  our  designing  very 
much  on  the  lines  of  the  conclusion  Professor  Jenkins  came  to,  that 
is,  design  the  member  from  the  formula  given  in  those  conclusions 
and  then  correct  to  suit  our  experience.  In  other  words,  we  figure 
as  closely  as  possible  and  then  make  a  further  allowance.  We  com- 
monly use  2500  lb.  and  sometimes  2000  lb.  per  sq.  in.  as  a  safe  value 
for  cast  iron  for  the  tension  side  of  all  shear  housings.  On  other  work 
we  run  up  in  some  cases  as  high  as  4500  lb.,  but  in  such  machines  as 
vertical  shears,  we  would  not  think  of  using  anything  higher  than  2500 
lb. 

2  The  paper  is  a  very  interesting  one,  but  it  has  not  brought  out 
any  new  facts  in  relation  to  this  subject. 

Henry  Hess.  The  real  question  at  issue  is  not  one  of  formulae 
at  all.  What  should  be  considered  is  the  yield  point;  in  other  words, 
the  elastic  limit.  The  real  trouble  is  that  the  elastic  limit  of  the  mater- 
ial is  seldom  accurately  known.  There  is  now  in  existence  a  testing 
apparatus,  probably  not  familiar  to  many,  which  makes  it  possible 
to  recognize  the  absolute  elastic  limit  of  any  structure  in  any  mater- 
ial. This  instrument  is  based  on  a  law  which  is  fairly  well  recognized, 
but  only  recently  embodied  in  practical  instruments.  This  law  states 
that  deformation  is  accompanied  by  a  rise  in  temperature  and  that 
such  rise  is  very  marked  at  the  point  of  change  of  proportionality^  be- 
tween stress  and  deformation.  The  instrument  consists  of  a  delicate 
pyrometer  and  a  sensitive  gold-leaf  galvanometer  and  shows  a  sharp 
break  in  the  recorded  line  when  the  elastic  limit  is  reached.  If  the 
line  starts  at  an  inclination  of  45  deg.  the  change  in  direction  at  the 
elastic  limit  is  not  gradual,  but  is  an  absolutely  definite  break  to  an 
inclination  of  say  30  deg.  This  eliminates  all  doubt  as  to  the 
exact  value  of  the  elastic  limit.  The  small  pyrometer  may  be  clamped 
in  any  convenient  way  to  any  portion  of  such  structure, 

2  The  ordinary  formulae  will  apply  when  there  is  substituted 
for  the  element  of  inaccuracy,  the  value  of  the  material  constant, 
absolutely  definite  knowledge  of  its  value. 
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Oberlin  Smith.  la  Fig.  1  herewith,  which  represents  the  out- 
Hnes  of  a  typical  C-shapcd  beam  such  as  is  used  in  many  forms  of 
press  frames,  AA  is  the  ram  axis  along  which  the  pressure  acts  to 
force  the  ends  of  the  beam  apart  and  NN  is  the  neutral  axis.  My 
usual  practice  has  been  to  make  the  depth  of  the  beam  at  DD,  D'D', 
and  D"  D"  such  as  to  give  equal  strength  on  the  line  A  A  when  calcu- 
lated by  the  cantilever  beam  formula,  with  LL  and  L'L'  and  L"L" 
as  the  respective  beam  lengths.  The  breadth  of  these  sub-beams,  as 
they  might  be  called,  if  uniform  would  be  represented  by  BB  in  Fig. 
2  or  Fig.  3  and  the  formula  would  of  course  depend  upon  the  shape  of 
the  cross  section.    If  I  am  in  error  in  this  treatment  of  the  subject  I 


Fig.  1    Typical  C-Shaped  Beam 

should  be  very  glad  to  hear  from  others  who  have  made  a  closer 
study  of  the  matter. 

2  There  is  a  tendency  in  a  beam  of  this  kind  for  the  web  to  split 
longitudinally,  approximately  on  the  neutral  line,  due  to  the  tensile 
stress  mentioned  in  connection  with  section  AG  oi  Fig.  8  of  the  paper. 
The  writer  has  had  webs  of  presses  split  at  S  in  Figs.  2  and  3  and 
somewhere  along  NN  in  Fig.  1. 

3  There  are  many  cross-sections  for  press  frames,  but  the  most 
usual  are  shown  in  Figs.  2  and  3.  These  are  equally  good  as  regard 
resisting  vertical  stresses  on  the  line  A  A  (Fig.  1).  In  regard  to  tor- 
sional and  lateral  bending  stresses,  Fig.  3  has  much  the  advantage. 
Presses  are  frequently  subjected  to  other  than  the  normal  vertical 
stresses  on  account  of  large  dies  striking  the  work  irregularly,  perhaps 
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on  one  corner  at  a  time,  thus  having  a  tendency  to  bend  and  twist 
the  frame  of  the  machine.  Obviously,  no  better  shape  than  Fig.  3 
could  be  contrived  for  all  these  stresses  and,  furthermore,  such  a 


Figs.  2  and  3    Common  Forms  of  Press  Frames 

form  of  machine  is  much  more  beautiful,  as  well  as  more  solid  and 
rugged  in  appearance.  The  form  shown  in  Fig.  2,  however,  is  in  more 
general  use,  doubtless  because  it  is  cheaper  to  make,  both  as  regards 
pattern-making  and  molding. 

4  In  any  case,  the  fillets  shown  at  F  (Figs.  2  and  3)  should  be 
made  very  large  to  avoid  cracking  in  cooling  as  is  very  likely  to  happen 
on  accojnt  of  the  massive  tensile  member  joining  the  much  lighter 
web. 

Wilfred  Lewis.  Thirty  years  ago  punch  and  shear  frames 
were  made  with  a  section  as  shown  on  the  left  of  Fig.  1  herewith  and 


Fig.  1     Sections  op  Punch  and  Shear  Frames 


they  always  split  aX  AB,  I  came  to  the  conclusion  that  the  weakness 
in  all  such  frames  was  in  the  web  and  1  changed  the  form  to  that  on 
the  right  of  Fig.  1.  I  have  never  heard  of  a  broken  frame  of  this  sec- 
tion. 
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2  There  is  no  mystery  about  the  breakage  at  AB,  for  if  tension  or 
compression  is  running  in  a  given  direction  it  cannot  be  deflected 
without  putting  a  strain  on  the  web,  which  must  be  strong  enough  to 
deflect  these  forces  around  the  curve.  The  reason  why  curved  beams 
do  not  develop  their  estimated  strength  is  in  my  opinion  simply  due 
to  the  fact  that  no  attention  is  paid  to  the  section  of  web  necessary  to 
deflect  the  tensile  stress  in  the  flange. 

John  S.  Myers.^  .A  careful  consideration  of  the  paper  by  Profes- 
sor Jenkins  seems  to  indicate  five  things: 

a  That  for  solid  sections  of  cast  iron,  such  as  specimens  Nos. 
1,  2  and  3,  the  common  beam  formula  comes  much  nearer 
to  an  expression  of  the  facts  than  does  either  that  of 
R^sal  or  of  Pearson  and  Andrews. 

6  That  such  specimens  fail  at  a  stress  approximately  86  per 
cent  of  the  ultimate  tensile  strength  of  the  test  specimen 
when  computed  by  the  common  beam  formula,  which 
may  be  due  to  any  one  of  a  number  of  causes,  such  as  un 
proportionality  of  stress  to  strain  beyond  the  elastic  limit, 
shifting  of  the  neutral  axis  due  to  inequality  of  the  coef- 
ficients of  elasticity  for  compression  and  tension,  the  curv- 
ed form  of  the  specimen,  or  deformation  due  to  shear 
parallel  to  the  neutral  plane. 

c  That  the  limited  number  of  the  tests  on  solid  sections  and 
the  small  size  of  the  specimens  used  still  leaves  room  for 
considerable  uncertainty  as  to  the  behavior  of  larger 
castings. 

d  That  the  safest  course  for  designers  to  pursue  until  more 
light  has  been  shed  upon  the  subject  is  to  continue  as 
heretofore,  that  is,  to  use  the  common  Unwin  formula 
but  to  keep  the  working  stress  between  1500  and  2000  lb. 
per  sq.  in.,  thus  insuring  rigidity,  and  pay  no  attention 
to  the  probable  ultimate  sustaining  capacity. 

e  Finally,  that  the  matter  really  seems  of  little  practical 

importance  if  confined  wholly  to  solid  sections  of  cast 

iron,  as  such  sections  are  notoriously  uneconomic  and  hence 

seldom  used. 

2     In  the  matter  of  the  I-sections  experimented  upon,  the  peculiar 

manner  in  which  failure  occurred  was  to  be  anticipated,  for,  while 

the  design  of  the  specimen  chosen  is  quite  a  common  type,  it  is  none 

1  2456  Almond  St.,  Philadelphia,  Pa. 
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the  less  an  improper  and  entirely  illogical  construction,  as  was  pointed 
out  by  the  writer  in  an  article  appearing  in  the  June  issue  of  Machinery, 
from  which  the  following  extract  is  made:  ''The  apphcation  of  a 
little  common  sense  should  make  it  apparent  that  if  we  have  a  flange 
in  tension  or  compression  we  must  not  suddenly  give  it  a  90-deg. 
or  180-deg.  bend  and  expect  the  stress  in  that  flange  to  go  shooting 
around  the  corner  like  a  cable  car,  but  we  must  provide  means  for  the 


Fig.  1     Bull  Riveter  Frame  of  Usual  Design 


distribution  of  that  stress  and  carry  it  where  it  may  meet  an  equal 
and  opposite  load  to  balance  it ;  for  no  stress  induced  by  flexure  springs 
suddenl}'-  into  existeiice  or  dies  out  suddenly;  it  is  gradually  built  up 
and  gradually  dies  out  again;"  so  instead  of  trying  to  deflect  nature 
from  her  course  we  should  humor  her. 

3  "As  an  example  of  improper  construction,  take  the  bull  riveter 
frame  shown  in  Fig.  1.  Here  it  is  quite  obvious  that  if  the  web  were 
to  part  along  the  line  ah  there  would  be  nothing  to  balance  the  loads 
T  and  Ti  in  the  tension  flanges,  and  failure  to  balance  these  forces 
would  mean  failure  for  the  entire  frame.  The  total  flange  loads  are, 
approximately, 


7'  = 


'L 


and    Ti 


WL 

hi 
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and  if  w  =  thickness  of  web,  the  average  unit  tension  distributed 
over  the  web  along  line  ab 


2WL 

hw  (ab) 


[1] 


or,  if  hi  does  not  equal  h, 


ih)\h 


^^T+Ti^^^L^       ^^^ ^2] 

w  (ab)       w  (ah)  ^h      h^/ 


4  "From  this  it  would  appear  that  the  sectional  area  of  the  web 
along  line  ab  should  be  approximately  equal  to  the  combined  area 
of  the  two  tension  flanges,  and  were  it  not  for  the  fact  that  it  is  neces- 
sary to  thicken  up  the  web  at  this  point  in  order  to  avoid  shrinkage 
cracks,  there  would  probably  be  more  frequent  failures  due  to  this 
improper  construction." 

5  That  this  point  just  back  of  the  flange  is  the  weakest  place  in 
the  frame  has  been  fully  demonstrated  by  the  tests  conducted  by 
Professor  Jenkins  and  it  seems  that  the  obvious  thing  is  to  correct 
the  construction  by.  adding  a  diagonal  rib  as  indicated  by  the  dotted 
lines  at  R  or  else  by  continuing  the  flanges  as  at  F  (Fig.  1) .  The  latter 
would  permit  the  stress  in  the  flanges  to  die  out  gradually  in  a  natural 
mannner  and  from  a  theoretical  viewpoint  would  be  the  more  logical 
method.  The  method  of  the  single  diagonal  rib  is  an  attempt  to  de- 
flect the  stress  generated  in  the  vertical  flanges  "around  the  corner" 
by  the  application  of  a  resultant  force  in  the  rib,  which  reinforces 
the  web  at  this  critical  point.  This  method  is  probably  more  eco- 
nomical of  material  than  the  former  one.  To  omit  all  such  ribs  and 
permit  the  full  flange  load  to  concentrate  upon  the  web  is  clearly  an 
improper  distribution  of  material  and  the  existence  of  many  such 
designs  is  no  doubt  due  to  a  misconception  of  fundamental  prin- 
ciples. 

6  It  would  seem  that  most  students  are  taught  that  any  stress 
due  to  bending  is  entirely  dependent  upon  the  bending  moment  at 
the  section  and  that  the  only  necessary  requisite  is  that  the  internal 
forces  must  balance  the  external  ones.  Thus  we  find  designers  who 
pay  absolutely  no  attention  to  the  manner  in  which  these  internal 
forces  are  built  up  by  the  transference  of  the  vertical  shear  from  sec- 
tion to  section.  Now  the  method  1  have  proposed  in  connection 
with  equation  2  is  open  to  the  objection  that  it  is  not  very  exact, 
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owing  to  the  somewhat  indefinite  nature  of  the  distance  ah,  but  it  at 
least  has  the  justification  of  recognizing  the  real  cause  of  the  weak- 
ness. 

7  The  absurd  results  given  by  the  Pearson- Andrews  formula  are 
not  surprising  because  the  principal  quantity  in  this  analysis  is  the 
radius  of  curvature  of  the  gravity  axis  P^  of  successive  sections  and 
this  quantity  has  absolutely  no  mathematical  relation  to  the  flange 
curvature,  as  is  clearly  shown  by  Fig.  2.  Here  the  rear  flange  of  a  C- 
frame  is  shown  concave  and  of  such  a  curvature  as  to  make  the  gravity 
axis  curve  ABODE  a  straight  line  at  point  C,  in  consequence  of 
which  Po  =  ^  ,  while  OF  =  the  flange  curvature. 


Fig.  2 


Riveter  Frame  Designed  by  the  Application  of  the 
Pearson-Andrews  Formula 


8  This  is,  of  course,  an  abnormal  construction,but  while  improbable 
is  not  at  all  impossible;  in  fact  the  compression  flange  is  often  con- 
siderably less  in  area  at  point  H  than  at  point  G,  which  has  an 
effect  upon  the  curvature  of  the  gravity  axis  siinilar  to  a  reverse 
curve  in  the  rear  flange,  although  not  so  readily  seen.  For  such  a  case 
the  Pearson- Andrews  formula  reduces  to  the  same  value  as  the  usually 
applied  Unwin  formula,  yet  it  is  clear  that  there  is  just  as  rapid  transi- 
tion of  stresses  around  the  throat  as  there  would  be  were  the  value 
of  Po  equal  to  00. 

9  I  would  like  to  present  a  problem  for  solution  which  should  have 
some  bearing  on  the  subject  under  consideration  but  more  stactly 
a  problem  relating  to  flexure  in  general  than  to  the  specific  case  of 
curved  machine  elements.    As  is  well  known,  the  common  theorj^  of 
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flexure  assumes  that  any  section  being  plane  before  flexure  remains 
so  after  flexure;  hence,  stress  varying  as  strain,  the  stress  varies  direct- 
ly as  the  distance  from  the  neutral  plane.  Now  stresses  due  to  flexure 
are  induced  by  the  transference  of  vertical  shear  from  some  point  on 
the  member  to  some  other  point  and  flexural  stresses  are  thus  built- 
up  stresses,  i.e.,  they  result  from  a  process  of  growth.  So  long  as  the 
flexural  stress  is  receiving  an  augment  there  exists  a  shear  on  the  neu- 
tral plane  and  all  planes  parallel  to  it  and  since  any  stress,  be  it  ten- 
sion, compression  or  shear,  must  of  necessity  produce  a  corresponding 
strain,  this  horizontal  shear  must  be  accompanied  by  a  sliding  upon 
each  other  of  the  so-called  fibres.  The  common  theory  of  flexure 
recognizes  no  such  deformation,  hence  it  must  assume  that  the 
coefficient  of  elasticitj^  for  shear  is  infinite  when  compared  ,to  the  co- 
efficient of  elasticity  for  tension  or  compression.  As  this  is  entirely 
at  variance  with  fact  it  should  be  expected  that  this  horizontal  shear 
would  have  an  important  effect  upon  the  distribution  of  the  stresses, 
especially  for  sections  with  heavy  flanges  and  comparatively  light 
webs,  subjected  to  a  heavy  vertical  shear,  such  as  the  frames  of  punch- 
ing and  riveting  machinery.  Briefly,  the  problem  is  this:  Deduce  an 
equation  which  shall  express  the  manner  in  which  the  stress  varies 
over  the  cross-section  of  box  and  i-sections  when  taking  into  account 
the  deformation  due  to  horizontal  shear. 

S.  A.  Moss.  It  occurs  to  me  that  the  failure  of  some  of  the  speci- 
mens at  the  junction  of  flange  and  web  might  be  due  to  insufficient 
fillet,  which  nullifies  any  mathematical  analysis. 

2  I  had  always  supposed  that  the  three  types  of  formulae  mentioned 
were  practically  equivalent,  and  differed  only  so  far  as  minor  correc- 
tions were  concerned.  The  results  seem  to  show  that  there  is  a  funda- 
mental difference,  however.  What  is  the  mathematical  reason  for 
this  and  what  mathematical  points  are  taken  account  of  in  one  for- 
mula and  not  in  the  others?  As  T  understand  the  matter,  the  best 
that  the  designer  can  do  is  to  use  formulae  6  and  8  of  the  Appendix. 
What  values  of  the  experimental  constant  K  does  Professor  Jenkins 
recommend? 

3  The  paper  shows  how  exceedingly  weak  our  mathematical 
engineering  is.  There  appear  to  be  three  points  of  uncertainty, 
the  fundamental  criterion  for  a  safe  stress,  the  law  of  distribution 
of  stress  in  a  beam,  and  the  mathematical  solution  of  the  bent  beam 
problem.  It  seems  to  me  that  a  good  fundamental  criterion  is  per- 
manent set,  and  that  a  part  ceases  to  be  useful  when  the  permanent 
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set  reaches  some  predetermined  appreciable  amount.  According  to 
this  criterion,  the  stress  which  gives  such  appreciable  set  must  be 
known,  and  the  working  stress  must  be  a  safe  fraction  of  it.  In  other 
words,  the  stress  where  appreciable  permanent  set  begins  could  be 
substituted  for  breaking  stress.  This  criterion  would  require  that  in 
tests  such  as  those  of  the  present  paper,  the  permanent  set  at  various 
loads  be  found  from  the  autographic  record  by  removing  most  of  the 
load  at  frequent  intervals.  The  mathematical  formulae  may  apply  up 
to  the  limit  of  appreciable  permanent  set  even  though  they  do  not 
apply  up  to  the  breaking  load. 

4  The  elastic  limit,  yield  point,  or  bend  in  the  stress-strain 
curve,  often  used  as  a  criterion  for  safe  stresses,  may  or  may  not 
correspond  to  stress  at  which  appreciable  permanent  set  begins.  It 
is  merely  a  matter  of  interest,  and  not  particularly  important  if 
there  is  such  coincidence,  since  we  can  directly  use  as  our  criterion 
the  stress  at  which  appreciable  permanent  set  begins. 

5  A  complication  which  would  have  to  be  taken  account  of  in 
using  this  criterion  on  some  materials,  such  as  brass  and  bronze, 
is  the  fact  that  the  first  application  of  a  load  causing  permanent  set 
changes  the  material,  so  that  it  will  better  stand  succeeding  loads. 
In  such  a  case  the  criterion  might  be  the  stress  whose  second  applica- 
tion gives  an  appreciable  permanent  set.  In  the  mathematical  analy- 
sis of  the  simple  or  bent  beam,  it  is  probable  that  the  apphcation  of  the 
maximum  shear  theory  will  be  of  value.  This  theory  was  proposed  by 
Guest  and  Mohr  some  years  ago  and  has  recently  been  discussed  by 
other  writers.  It  seems  probable  that  this  theory  will  be  the  basis 
of  all  treatment  of  stresses  other  than  uniform  tension  and  compres- 
sion in  the  future. 

6  This  theory  states  that  the  phenomenon  in  which  an  engineer 
is  interested  is  not  tearing  apart  as  in  tension  but  sliding  apart  as  in 
shear,  and  that  the  maximum  shearing  stress  at  each  point  is  the  mat- 
ter which  must  be  investigated.  In  other  words,  the  way  in  which 
metals  fail  is  by  shear,  and  not  by  tension  or  compression  considered 
strictly  as  such. 

7  It  seems  to  me  that  the  combination  of  these  two  points, 
giving  as  a  criterion  the  shearing  stress  at  which  appreciable  perman- 
ent set  begins,  would  give  a  rational  solution  of  the  present  problem. 

George  Westinghouse  stated  that  it  was  his  belief  that  most 
engineers  pay  too  little  attention  to  the  time  element  in  castings. 
Machine  members  are  tested  or  put  into  service  without  giving  the 
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molecules  time  to  adjust  themselves  so  as  to  relieve  the  casting  strains. 
Automobile  cylinders  which  are  annealed  between  the  rough  and 
finish  turnings  are  more  reliable  than  untreated  castings. 

E.  J.  LoRiNG.  The  greater  ease  of  calculating  sections  by  the  ordi- 
nary beam  formula  would  make  of  considerable  value  any  simple 
means  of  correcting  its  results  for  curvature  of  the  beam.  Professor 
Jenkins  appears  to  infer  that  the  manner  of  distribution  of  stress  in 
cast  iron  acts  to  supply  such  a  correction,  which  would  be  exceedingly 
important  if  true. 

2  It  would  seem  extremel}'  improbable  that  such  a  result,  if  true 
for  one  set  of  conditions  of  curvature,  depth  of  gap,  etc.,  would  be 
true  for  other  proportions. 

3  Examining  the  tests,  specimens  Nos.  1,  2,  3,  10,  11,  14,  15, 
16,  18  unquestionably  failed  at  the  section  under  consideration.  Of 
these  we  have 

per  ceut 

.   Unit  stress  by  beam   formula        _, 

No.  10,  T-section  (flange  out)      ,,  .,    : r . r—    =  51 

Unit  stress,  tension  specimen 

No.  11,  I-section  (flange  out)  "  =77.9 

No.  1,    plain  section     "  "  =  85 

No.  2,        "        "  "  =  86.5 

No.  3,        "        "  "  =  87 

No.  16,       "        "  "  =76.4 

No.  18,       "        "  (necked)  "  =  94 

No.  14,  T-Section  (flanged  in)  "  =109.7 

No.  15,  "  "  "  =109.3 

so  that,  according  to  the  shape,  the  results  by  the  beam  formula 
may  be  10  per  cent  greater  or  50  per  cent  less  than  the  tensile  test 
strength  of  the  material,  which  can  hardly  be  considered  a  close  agree- 
ment. 

4  The  condition  of  stress  on  the  section  lies  between  the  condi- 
tions of  tension  and  transverse  tests,  and  if  the  results  by  these  two 
methods  of  test  are  averaged  we  would  have  a  very  rough  approxi- 
mation to  the  unit  stress  under  the  actual  conditions.  Where  the 
values  of  the  unit  stress  by  the  Resal  and  Pearson-Andrews  formulae 
are  given  for  the  above  mentioned  specimens,  it  will  be  found  that 
in  every  case  but  Nos.  14  and  15,  (T-section  with  flange  in),  the 
average  thus  taken  lies  between  the  values  given  by  these  formulae, 
apparently  indicating  that  these  give  a  closer  approximation  to  the 
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actual  stress.     In  Tests  14  and  15  the  average  is  greater  than  by 
either  formula. 

5  1  fully  agree  with  conclusion  e,  particularly  as  to  the  chanceb 
of  error  in  the  use  of  these  formulae,  but  I  distinctly  disagree  with 
conclusions  h  and  d. 

The  Author.  Mr.  Christie  infers  that  failure  behind  the  flange  of 
C-shaped  castings  is  due  to  sudden  change  in  cross  section  and  refers 
to  Professor  Marburg's  tests  on  steel  I-beams  which  failed  by  lateral 
deflection  of  top  flange  and  by  twist  of  web,  manners  of  failure 
not  observed  in  C-shaped  specimens  of  cast  iron  and  not  applicable 
to  his  statements.  The  method  of  analysis  suggested  by  IMr.  Christie 
has  hardly  enough  rational  bearing  to  commend  its  use,  although  it 
seems  to  fit  this  particular  case  very  well. 

2  There  is  no  reason  for  believing  the  internal  stresses  due  to  cool- 
ing were  sufficient  to  affect  the  results,  for  reasons  given  in  Par.  15./. 
The  age  of  the  castings  varied  from  two  to  six  weeks. 
^^3  Tn  Professor  Rautenstrauch's  tests  of  castings,  referred  to  in 
his  discussion,  deflection  readings  were  taken,  which,  when  accurately 
plotted  and  a  curve  drawn  through  the  points,  show  no  sudden  change 
in  the  proportionality  between  load  and  jaw  opening;  but  in  order  to 
locate  this  point  for  comparison  he  uses  two  straight  lines  instead  of  a 
curve,  and  since  it  is  possible  to  draw  an  infinite  number  of  tangents 
and  chords  to  a  curve  he  is  able  to  get  intersections  anywhere  he 
desires. 

4  The  lines  he  gives  are  in  contradiction  of  such  authorities  on' the 
elastic  properties  of  cast  iron  as  Kupffer,^  Love,^  Saint  Venant,^  and 
Professor  Pearson,^  as  well  as  any  well  known  authors  on  the  strength 
of  materials.  Professor  Pearson,  who  is  responsible  for  the  formula 
in  question  and  should  be  satisfactory  '  authority  on  this  subject, 
states  on  p.  733  that  "Hooke's  law  does  not  hold  for  cast  iron  even 
in  the  case  of  very  small  strains."  Professor  Morley  states  that 
the  elastic  limit  of  cast  iron  is  at  almost  zero. 

5  The  I-beam  shown  in  Fig.  1  was  cast  from^the  same  heat  as  the 
curved  specimens  and  was  used  in  studying  the  resistance  to  hori- 
zontal shear..  This  specimen  was  tested  as  indicated  in  Fig.  1  and  the 
autographic  record  is  presentedjn  Fig.  2,  which  in  no  way  suggests 
a  sudden  change  in  the  rate  of^deflection  similiar  to  that  shown  in 
Professor  Rautenstrauch's  diagrams. 

1  History  of  Elasticity,  by  Todhunter  and  Pearson,  Vol.  2,  Pt.  1. 
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6  The  elastic  la-ws  for  cast  iron  are  given  in  Par.  1  and  Par.  2  of 
the  Appendix  and  when  plotted  show  no  point  that  will  permit  the 
use  of  Professor  Rautenstrauch's  method  of  analysis. 

7  The  sudden  change  in  the  rate  of  stretch  of  his  test  bars  is  easily 
accounted  for  by  the  fact  that  they  were  stressed  to  that  point  in 
testing  the  casting,  it  being  known  that  an  artificial  elastic  limit  can 
be  given  cast  iron  by  previous  loading.^ 

8  The  curves  shown  in  Fig.  3  were  drawn  by  the  autographic 
recorder  and  are  undoubtedly  more  accurate  than  those  given  by 
Professor  Rautenstrauch.  They  show  no  elastic  limit  or  yield  point, 
as  stated  in  Par.  29. 


^ 


■Fia.  1     I-Beam  used  for  Studyinq  Resistance  to  Horizontal  Shear 


9  His  criticism  of  Par.  13  is  that  it  is  unjust  and  nusleading.  It  is 
admitted  that  the  Pearson- Andrews  forra'Ja  is  lo.'  irue  .or  break- 
ing load  and  as  the  object  of  these  experimeii*  ^  stated  in  Par.  2, 
was  to  determine  the  strength  of  the  castings,  .t  it-  not  easy  to  see 
how  the  formula  can  give  other  than  absurd  results  for  this  con- 
dition. In  The  Journal  for  February  he  stated  that  "the  formulahas 
not  as  yet  been  sufficiently  well  developed  to  determine  its  usefulness 
in  establishing  proportions  for  sections  other  than  those  at  right 
angles  to  the  load."  According  to'^this  statement  the  formula  does 
not  apply  to  his  tests  on  cast-iron  specimens  because  they  did  not 
fail  at  right  angles  to  the  load. 

10  It  occurred  to  the  author  to  use  Professor  Rautenstrauch's 
method  of  analysis,  but  investigation  showed  that  it  is  not  applicable 
to  cast  iron  and  has  the  following  objections  when  used  for  steel: 


Trans.  A.S.M.E.,  Vol.  17,  p. 
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Fia.  2     Full-Size  Autographic  Record  of  Beam  in  Fig.  1 

a  The  formula  only  applies  to  specimens  with  curved  spines. 
6  It  is  only  true  for  one  section  of  the  specimen, 
c  The  load-deflection  curve  gives  the  total  deflection  or  the 
deflections  of  an  infinite  numlier  of  sections. 
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d  The  specimen  may  yield  first  at  a  section  some  distance  from 

the  one  assumed  by  this  method  without  detection. 
e  It  is  possible  for  a  casting  to  yield  in  the  straight  portion 
similar  to  a  straight  cantilever  beam  while  the  calcula- 
tion is  made  for  a  section  in  the  bent  portion,  which 
would  be  quite  erroneous. 
li     From  a  theoretical  standpoint  there  is  no  doubt  about  the 
accuracy  of  the  Pearson- Andrews  formula  for  stresses  within  the  elas- 
tic limit  of  materials  that  obey  Hooke's  law;  but  it  is  not  true  for  cast 
iron,  even  for  the  smallest  loads.    If  someone  should  substitute  the 
exponential  or  parabolic  laws  for   Hooke's  law  in  the  formula  he 
would  have  reasons  for  his  plea  of  defense  when  the  formula  is  placed 
on  trial. 

12  It  appears  to  the  author  that  Professor  Rautenstraueh's  cal- 
culations based  on  the  sudden  change  in  the  rate  of  stretch  for  cast 
iron,  the  existence  of  which  is  denied  by  the  best  authorities,  and  a 
formula  based  on  an  elastic  law  that  is  not  true  for  cast  iron,  cannot 
be  taken  seriously.  They  were,  moreover,  applied  to  two  test  spe- 
cimens only. 

13  The  author  infers  that  Mr.  Hess,  in  his  discussion,  proposes 
that  we  should  make  a  critical  study  of  the  elastic  properties  of 
cast  iron  and  modify  our  formulae  to  suit  the  actual  conditions, 
which  is  a  point  well  worth  considering. 

14  The  testing  apparatus  he  mentions  is  probably  that  described 
by  Mr.  E.  Rasch  in  a  paper  before  the  Copenhagen  meeting  of  the 
International  Association  for  Testing  Materials.  The  use  of  this 
method  involves  the  coefficients  of  heat  conductivity  and  radiation. 

15  The  method  of  analysis  suggested  by  Mr.  Myers  is  less  accu- 
rate and  has  the  same  objections  as  the  similar  method  given  in  Par. 

156  of  the  paper.  A  much  more  logical  method  and  one  that  rec- 
ognizes the  real  cause  of  the  weakness  is  given  in  Par.  15c. 

16  His  method  of  permitting  the  stress  in  the  flange  to  die  out 
gradually  and  not  go  shooting  around  the  corner  like  a  cable  car 
by  adding  a  diagonal  rib  is  certainly  insufficient  because  the  casting 
fails  along  ab,  which  is  between  the  proposed  ribs.  This  may  be  done 
by  increasing  the  thickness  of  the  web  where  the  weakness  exists. 

17  Mr.  Myers  states  that  stresses  due  to  flexure  are  induced  by 
transference  of  vertical  shear  from  some  point  in  the  member  to  some 
other  point  and  asks  that  an  equation  be  deduced  to  express  the  manner 
in  which  stress  varies  over  the  cross  section  of  box  and  I-sections 
when  taking  into  account  the  deformation  due  to  horizontal  shear. 
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Specimen  ^'u.  o 


t^pecimeii  No.  9 
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18  Fig.  4  shows  the  forces  acting  on  a  very  small  rectangle  at  the 
point  A  in  Fig.  5.  The  normal  forces  tt  are  due  to  bending,  whereas 
the  forces  s„  s^  are  due  to  vertical  shear.  Now  it  is  easily  seen  that  these 
two  sets  of  forces  wanted  cause  the  rectangle  to  rotate  and  it  is  neces- 
sary to  introduce  the  forces  s^  s^  to  effect  equilibrium.  Hence,  the 
horizontal  shearing  forces  S}^  s^  must  always  equal  the  vertical  forces 


s„ 

. 

. 

h- 

Fig.  4     Forces  Acting  at  A  (Fig.  5) 


19    The  total  vertical  shear  on  the  section  x  distance  from  the 
support,  in  Fig.  5,  is 

dM 

d  X 


Q 


which  is  the  rate  of  change  of  the  bending  movement  and  is  analogous 
to  acceleration.  The  intensity  of  shear  at  any  point  in  the  section 
may  be  expressed  by  the  equation 


I  Z  Jy 


zydy 


where 

q  =  unit  shearing  stress  at  ?/  distance  from  the  neutral  axis 

Q  =  total  shear  on  section 

z  =  breadth  of  section  at  y  distance  from  neutral  axis 

/  =  moment  of  inertia 
The  normal  stress  at  any  point  in  the  section  is  determined  by  the 
formula 


20  An  idea  of  how  the  apparent  stresses  S  and  q,  are  distributed 
over  various  sections  of  a  rectangular  beam  may  be  gained  from  the 
diagrams  given  in  Fig.  6. 
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21     The  maximum  resulting  shear  at  any  point  due  to  the  stresses 
S  and  q  is 


and  makes  an  angle  6  with  the  neutral  surface  such  that 

S 

tan  2  6  =  — 

2q 

22  The  principal  unit  stress  at  any  point  is 

and  makes  an  angle  0  with  the  neutral  surface  such  that 

tan  2  rf)  =   — 

2q 

23  The  equivalent  normal  stress,  namely,  a  linear  stress  that 
would  produce  a  deformation  equal  to  that  actuallj^  produced  by 
S  and  q  is 

s  -  (1  -  ^)  +  (1  + 

2  2 


^4q^  +  S' 


where  X  is  Poisson's  ratio. 

24  Fig.  6  show^s  how  the  apparent  and  principal  stresses  are  dis- 
tributed over  a  section  of  an  I-beam,  diagram  A  shoeing  the  vari- 
ation of  the  apparent  stresses  S  and  q  and  diagram  B  the  variation  of 
the  principal  stresses  S' ,  the  direction  of  which  ma}^  be  found  at  any 
point  by  determining  the  value  of  cf).  Diagram  B  shows  how  the  stress 
at  the  juncture  of  the  flange  may  be  greater  than  the  stress  at  the 
outer  fibre.    The  value  of  q  may  also  bo  sufficient  to  produce  failure. 

25  The  step  in  the  curve  shown  in  Fig.  2  is  due  to  internal  failure 
caused  by  the  principal  stress. 

26  The  above  discussion  is  only  applicable  to  straight  beams  and 
does  not  pertain  to  the  spine  of  a  curved  beam  because  of  the  absence 
of  shear  in  that  portion.  This  fact  may  be  seen  from  the  inspection 
of  Fig.  7,  which  represents  a  C-frame  consisting  of  a  solid  block  C 
connecting  the  two  straight  beams  A  and  B,  which  consist  of  two 
pieces  riveted  together.  The  beams  are  subjected  to  vertical  and 
horizontal  shear,  and  there  exists  a  tendency  to  shear  the  rivets  in 
them,  but  the  piece  C,  although  it  may  bend,  is  free  from  shear. 
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27  Dr.  Moss  wishes  to  know  what  mathematical  points  are  taken 
into  account  in  one  formula  and  not  in  the  other.  They  differ 
essentially  as  follows: 

a  The  beam  or  Un-win  formula  merely  considers  the  stress 

due  to  bending  and  the  direct  pull  of  the  load  and  is  based 

on  the  same  assumptions  as  the  fundamental  formula 

for  straight  beams. 

h  The  R6sal  formula  takes  into  consideration  the  stress  due 

to  bending  and  the  effect  of  curvature, 
c  The  Pearson- Andrews  formula  considers  the  stresses  due 
to  bending  and  direct  tension,  the  curvature  and  lateral 
contraction. 


-Ci ch Q d__rp]_T"il 


'^  K'^ — "^ ^^ 


~o — t:? — CT — i^  LLLl  Lill 
Fig.  7     C-Frame  Showing  Absence  op  Shear  in  C 


28  They  are  all  based  on  Hooke's  law  and  Bernoulli's  assumption, 
neither  of  which  are  true  for  cast  iron.  The  assumption  that  these 
are  true  has  been  the  source  of  weakness  in  all  rational  formulae  for 
cast-iron  beams,  and  all  attempts  to  improve  the  formulae  by  basing 
them  on  the  actual  laws  governing  the  properties  have  been  futile 
owing  to  the  mathematical  complications  involved. 

29  Formulae  6  and  7  of  the  appendix  are  for  castings  having 
straight  spines  of  rectangular  cross-section.  The  value  of  K  depends 
on  the  size  of  the  casting,  temperature  of  power,  rate  of  cooling,  and 
percentages  of  silicon  and  carbon.  For  the  specimens  tested  it  has 
a  value  of  about  7.3. 

30  Dr.  Moss  states  that  the  stress  where  api)reciable  permanent 
set  begins  could  l)e  substituted  for  breaking  stress.    Professor  Morel}- 
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states  in  his  Strength  of  Materials  that  slight  permanent  sets  may 
be  detected  under  very  low  stresses.  As  evidence  that  the  per^iianent 
set  at  the  breaking  point  is  not  very  pronounced,  Lynde^  made  experi- 
ments on  89  girders  of  30  ft.  9  in.  span,  one  of  which  he  tested  to 
rupture,  and  remarked  that  no  permanent  set  was  visible.  In  view 
of  these  statements  such  procedure  would  not  be  practical. 

31  Guests'  maximum  shear  theory  is  only  applicable  to  ductile 
materials  and  does  not  apply  to  cast  iron.  The  proof  of  this  fact  is 
brought  out  in  an  article  by  the  author  in  Engineering  (London), 
November  12,  1909. 

32  The  point  raised  by  Mr.  Loring  in  regard  to  the  distribution 
of  stress  making  corrections  for  curvature  when  the  beam  formula  is 
used,  is  explained  in  Pars.  29  and  30  of  the  Appendix.  The 
distribution  of  stress  tends  to  make  such  a  correction,  but  the  amount 
depends  upon  the  proportions  of  the  section  and  the  elastic  properties 
of  the  material  and  may  be  determined  by  formula  2  and  the  results 
obtained  by  the  method  described  in  Par.  6  of  the  Appendix. 

33  In  tabulating  the  percentages  of  disagreement  between  the 
strength  of  the  test  bar  and  the  results  given  by  the  bean  formula, 
he  omitted  No.  17  and  introduced  No.  10,  which,  as  stated  in  Par.  19, 
had  a  flaw  in  the  section  that  failed.  Omitting  No.  10,  the  values  vary 
from  10  per  cent  greater  to  23  per  cent  less,  which  is  closer  agreement 
than  the  44  per  cent  given  by  the  R6sal  and  73  per  cent  by  the  Pear- 
son-Andrews formula 

34  He  also  suggests  averaging  the  tensile  and  transverse  strengths 
of  the  specimens  and  comparing  the  results  with  averages  made  be- 
tween the  values  given  by  the  R6sal  and  Pearson  -Andrews  formulae. 
Because  such  a  comparison  gives  closer  agreement  than  the  above, 
he  concludes  that  conclusion  b  is  not  justifiable.  This  unique  method 
of  comparing  results  has  no  rational  significance  and  is  not  sufficiently 
well  grounded  to  disprove  conclusions  b  and  d. 

'History  of  Elasticity,  Vol.  2,  Pt.  1,  p.  866. 


GAS  ENGINES  FOR.  DRIVING  ALTERNATING- 
CURRENT  GENERATORS 

By  H.  G.  Reist,  PaBLiSHEo  in  The  Journal  for  June  1910 
ABSTRACT  OF  PAPER 

This  paper  points  out  briefly  the  problems  that  must  be  solved  to  obtain  the 
best  parallel  operation  of  alternating-current  generators  when  driven  by  means 
of  gas  engines.  While  some  assistance  can  be  given  when  designing  the  genera- 
tor, the  most  satisfactory  solution  of  the  problem  is  so  to  design  the  gas  engine 
that  even  rotation  is  obtained  as  nearly  as  possible.  This  should  be  done  with- 
out the  use  of  a  very  heavy  flywheel. 

DISCUSSION 

P.  M.  Lincoln.  I  am  obliged  to  take  issue  with  Mr.  Reist  on 
one  of  the  most  important  conclusions  in  his  paper,  that  contained 
in  Par.  6,  in  which  he  states  that  "if  there  were  no  inertia,  the  rotating 
parts  of  generator  and  flywheel  would  quickly  get  into  synchronism, 
reducing  and  almost  eliminating  the  cross-currents."  The  truth  of 
this  statement  depends  entirely  upon  the  definition  of  cross-currents. 
It  is  usually  understood  that  if  the  flow  of  energy  from  all  of  the  alter- 
nating-current units  in  parallel  is  not  essentially  the  same  at  all  times 
there  are  said  to  be  cross-currents.  If  this  definition  is  accepted,  Mr. 
Reist's  statement  is  entirely  unfounded.  It  is  obvious  that  the  flow 
of  energy  from  a  gas  engine  or  any  reciprocating  engine  is  not  uni- 
form. There  are  some  instances  when  it  is  a  maximum,  others 
when  it  is  a  minimum  and  in  some  cases  it  is  even  a  minus  quantity, 
as  for  instance  when  compression  is  taking  place.  If  there  were  no 
inertia  in  the  gas  engine  the  flow  of  energy  from  the  alternator  into 
the  circuit  would  be  just  as  uneven  and  differ  just  as  much  from  the 
uniform  flow  as  the  generation  of  this  power  within  the  cylinders. 
The  fact  that  a  gas-engine-alternator  combination  possesses  inertia 
introduces  another  element  into  the  energy  flow  equation.  With 
inertia  the  rate  that  energy  flows  into  the  circuit  is  equal  to  its  rate 
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of  generation  minus  its  rate  of  storage  in  the  reciprocating  and  rotat- 
ing parts.  By  designing  these  parts  properly  the  flow  of  energy  into 
the  circuit  can  be  made  much  more  uniform  than  its  rate  of  generation. 
If  gas  engines  and  their  generators  could  be  built  without  inertia  the 
condition  that  would  then  obtain  would  be  far  from  ideal,  as  Mr.  Reist 
states.  In  fact,  the  phenomenon  which  we  know  as  cross-currents 
would  be  much  larger  if  inertia  were  entirely  absent  than  in  the  ord- 
inary cases  with  which  we  have  to  deal. 

2  Mr.  Reist  also  makes  the  following  statement  wath  which  I 
cannot  agree:  "If  the  fly  wheel  is  very  large  the  currentswhich  it  may 
be  practical  to  allow  to  flow  between  the  machines  may  not  be  able  to 
draw  them  together  at  all."  While  this  may  be  true  as  an  isolated 
statement,  it  has  no  bearing  upon  the  problem  in  hand.  With  very 
large  flywheels  there  would  be  no  occasion  for  large  currents  to  flow 
between  the  various  units  in  parallel.  In  general,  the  larger  the  fly- 
wheel the  more  uniform  will  be  the  rotation  and  therefore  the  more 
uniform  the  flow  of  energy  from  that  combination  as  compared  with 
its  rate  of  generation.  Hence  what  we  know  as  cross-currents  will 
be  reduced  to  a  minimum. 

3  There  is  one  very  important  element  in  parallel  operation  of 
alternators  which  Mr.  Reist  neglected  to  mention.  If  any  generator 
is  displaced  from  its  normal  position  in  its  magnetic  field,  a  force 
equivalent  to  a  spring  at  once  acts  to  return  it  to  the  normal 
position.  The  greater  the  departure  from  normal  position  the  greater 
will  be  the  force  acting  to  return  it.  Any  mass  which  contains  such 
an  element  has  a  natural  period  of  vibration.  In  the  combination  of 
alternator  and  engine  the  natural  period  of  vibration  will  depend 
upon  the  inertia  of  the  moving  parts  and  the  electrical  and  magnetic 
characteristics  of  the  generator.  If  the  impulses  imparted  to  this 
mass  by  the  engine  are  in  resonance  with  the  natural  period  of  vibra- 
tion, a  state  of  affairs  will  exist  which  makes  it  very  difficult  and 
sometimes  impossible  to  operate  alternators  in  parallel.  It  is  exceed- 
ingly important,  therefore,  in  designing  gas  engines  and  the  connected 
alternators  to  make  sure  that  the  natural  period  of  vibration  of  the 
rotating  parts  of  the  combination  is  not  in  resonance  with  the  impulses 
which  may  be  imparted  by  the  gas  engine. 

4  Another  thing  which  Mr.  Reist  neglects  to  mention  is  the  possi- 
bility of  missing  engine  power  strokes.  It  is  usual  to  design  flywheels 
on  gas  engines  so  that  the  departure  from  uniform  rotation  will  not 
be  excessive  even  when  a  power  stroke  of  the  gas  engine  is  missed.  It 
is  evident  that  if  the  flywheels  are  made  large  enough  to  take  care  of 
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this  contingency  there  will  be  more  than  ample  capacity  when  the 
explosions  are  taking  place  uniformly.  So  long  as  normal  conditions 
obtain,  that  is  uniform  explosion,  the  normal  operation  of  gas  engines 
in  parallel  is  usually  better  than  that  of  steam  engines  in  parallel. 

The  Author.  Mr.  Lincoln's  criticism  regarding  cross-currents 
on  generators  is  apparently  a  matter  of  definition.  Cross-currents 
flow  between  generators  from  a  number  of  causes,  such,  for  instance, 
as  the  difference  in  wave  shape  of  the  several  machines,  or  differences 
in  excitation  and  currents  flowing  between  the  generators  due  to  the 
generators  being  out  of  phase.  The  first  two  are  so-called  wattless 
currents  and  the  last  is  energy  current.  This  is  the  class  of  cross- 
currents to  which  I  had  reference  in  my  paper.  It  does  not  seem  to 
me  that  the  fact  that  the  flow  of  energy  from  the  engines  is  not  uni- 
form would  necessarily  establish  cross-currents  between  the  machines. 
It  would  simply  mean  that  as  a  generator  runs  more  slowly  it  gives 
up  less  power  to  the  system  than  when  running  faster. 

2  I  agree  with  Mr.  Lincoln  that  in  general  the  larger  the  flywheel 
with  any  given  engine  the  more  uniform  will  be  the  rotation,  yet  I 
believe  it  is  also  true  that  if  there  is  any  tendency  for  the  sets  to  hunt, 
the  larger  the  flywheel  the  greater  will  be  the  cross-current  that  will 
flow  between  the  machines  and  the  greater  will  be  the  electrical  dis- 
turbances. The  natural  period  of  vibration  must  be  avoided  in  the 
design  of  the  flywheel  and  it  must  be  large  enough  so  that  the  missing 
of  a  power  stroke  is  not  serious.  These  difficulties  may,  however,  be 
corrected  by  having  many  cylinders  and  thus  more  impulses  per 
revolution,  as  well  as  by  having  a  heavy  flywheel.  In  respect  to  the 
point  under  discussion,  I  would  consider  that  engine  the  best  which, 
with  a  given  degree  of  variation  from  uniform  velocity  during  any 
given  revolution,  uses  the  lightest  flywheel. 
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By  Prof.  Edward  C.  Schmidt,  Published  in  The  Journal  for  May  1910 
ABSTRACT    OF   PAPER 

The  paper  deals  with  the  results  of  tests  made  upon  the  Illinois  Central 
Railroad  by  the  Railway  Engineering  Department  of  the  University  of  Illinois 
to  determine  the  resistance  of  freight  trains. 

Train  resistance  is  defined  in  pounds  per  ton  and  speed  in  miles  per  hour, 
and  expressed  for  trains  of  various  average  weights  per  car,  the  marked  influence 
of  car  weight  being  indicated  by  the  following  facts ; 

At  a  speed  of  5  miles  per  hour  the  resistance  of  a  train  in  which  the  cars 
average  75  tons  in  gross  weight  is  3  lb.  per  ton,  whereas  for  a  train  whose  aver- 
age car  weight  is  15  tons  the  resistance  is  7§  lb.  per  ton,  a  difference  of  150  per 
cent.  At  higher  speeds  the  relation  between  resistance  values  is  about  the 
same  as  at  low  speeds.  At  40  miles  per  hour,  for  example,  the  resistance  of  a 
train  of  75-tons  average  weight  per  car  is  5|  lb.  per  ton,  while  for  a  train  of 
15-tons  average  weight  per  car  it  is  13^  lb.  per  ton. 

The  trains  tested  varied  in  weight  up  to  3000  tons.  The  tests  were  made 
over  main-line  tiack  of  good  construction,  laid  with  85-lb.  rail,  during  weather 
when  the  temperature  was  above  30  deg.  and  when  the  wind  velocity  did  not 
exceed  20  miles  per  hour.  The  test  data  are  displayed  in  the  paper  and  the 
results  fully  discussed. 

DISCUSSIONi 

T.  S.  Bailey.  In  Par.  36  it  is  stated  that  the  lowest  temperature 
recorded  at  any  time  during  any  test  was  34  deg.  fahr.  and  the  highest 
82  deg.  fahr.  It  is  further  noted  that  the  temperatures  at  the  begin- 
ning and  end  of  tests  are  recorded  and  that  no  mean  temperature  for 
the  whole  run  is  given.  It  would  appear  that  a  correction  for  tempera- 
ture is  essential,  as  the  variation  in  density  of  air  between  34  and  82 
deg.  fahr.  is  about  10  per  cent,  which  of  course  affects  the  resistance 
by  an  equivalent  amount.  While  the  author  has  given  but  meager 
details  of  his  calculations,  there  is  nothing  to  indicate  that  such  cor- 
rection has  been  made.    It  would  appear  reasonable,  considering  the 

iThis  paper  was  presented  in  St.  Louis  on  May  28  at  a  joint  meeting  of 
the  Society  with  the  Engineers  Club  of  St.  Louis  and  at  the  Spring  Meet- 
ing at  Atlantic  City  on  June  2.  The  discussion  at  both  meetings  has  been 
combined. 
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amount  of  work  and  care  that  has  been  expended  in  obtaining  these 
data,  that  a)l  possible  refinements  should  be  applied  and  that  all 
resistance  curves  be  confined  to  certain  temperature  limits.  It  is 
believed  that,  where  the  temperature  difference  between  the  start 
and  finish  of  any  test  is  great,  correction  should  have  been  made  and 
an  average  temperature  for  the  run  obtained. 

2  The  writer  believes  also  that  the  greater  resistance  in  v\  inter 
is  to  some  extent  explained  by  the  greater  density  of  the  air. 

Prof.  Wm.  G.  Raymond.  Professor  Schmidt  has  accomplished 
at  least  one  good  thing  by  his  experiments  on  freight  train  resistance 
in  that  seemingly  he  has  conclusively  settled  the  disputed  point  of 
the  increase  of  resistance  with  speed.  The  writer  has  never  been  able 
to  accept  the  statements  recently  made  that  freight  train  resistance 
is  essentially  a  constant  between  speeds  of  10  and  35  miles  per  hour, 
and  this  set  of  experiments  seem  conclusively  to  disprove  such  state- 
ments. 

2  It  seems  desirable  to  discuss  these  tests  with  reference  to  the 
makeup  of  the  trains  as  well  as  with  reference  to  the  weights.  Profes- 
sor Schmidt  mentions  the  possibility  of  expressing  the  facts  presented 
in  Fig.  11  b}'-  a  single  equation  involving  onlj^  the  first  power  of  the 
three  variables,  R,  S,  and  W,  and  it  is  desirable  that  a  single  expres- 
sion be  found  if  possible. 

3  In  attempting  to  find  such  an  expression,  the  writer  discovered 
that  one  law  apparently  fits  the  observations  for  trains  with  an  aver- 
age car  weight  of  45  tons  and  upwards;  another  law  fits  those  between 
25  and  40  tons;  but  it  was  impossible  to  determine  whether  the  curve 
for  the  light  15-ton  car  belongs  within  the  heavier  or  the  medium 
weight  group. 

4  In  looking  for  a  reason  for  this  it  seems  that  all  of  the  very 
heavy  trains  are  made  up  largely  of  loaded  gondola  cars,  and  the 
lightest  trains  are  likewise  largely  made  up  of  empty  gondola  cars, 
whereas  almost  all  of  those  trains  having  an  average  ear  weight  be- 
tween 25  and  40  tons  are  wholly  or  largely  made  up  of  box  cars.  It 
is  entirely  conceivable  that  these  cars,  with  their  greater  surfaces, 
maj;-  give  resistance  following  a  different  law  from  that  applying  to 
the  resistance  of  trains  of  gondola  cars.  It  would  seem  that  there  might 
very  well  be  two  or  even  three  general  expressions:  one  for  box  cars, 
one  for  gondola  cars,  and  possibly  one  for  a  combination  of  the  two, 
although  this  is  perhaps  a  needless  refinement.  The  values  obtained 
for  a  train  with  an  average  car  weight  of  fifteen  tons  are  perhaps  too 
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small  for  anything  but  empty  gondola  cars,  and  an  equation  which  is 
supposed  to  represent  the  resistances  of  average  trains  (if  trains  of 
average  makeup  can  properly  be  spoken  of)  should  give  resistances 
somewhat  higher  than  those  of  Professor  Schmidt's  table  for  the 
light-weight  trains. 

5  The  writer  has  attempted  to  devise  a  single  equation  that  will 
express  what  the  curves  of  Fig.  11  and  the  figures  in  Table  3  show,  and 
has  succeeded  in  finding  a  comparatively  simple  one  which  he  has 
tested  for  each  of  the  car  weights  given  in  Table  3  for  speeds  at  inter- 
vals of  five  miles  from  5  to  40  miles  per  hour.    Except  for  the  15-ton 


TABLE   1     COMPARISON   OF   RESULTS  BY   DIFFERENT    FORMULAE 


Cab  Weights— Tons 

Speed 
m.p.h. 

15 

20 

25 

30 

35 

40 

45 

50 

» 

60 

65 

70 

75 

5 

7.6 

6.8 

6.0 

5.4 

4.8 

4.4 

4.0 

3.7 

3.3 

3.2 

3.1 

3.0 

8.6 

6.9 

5.8 

5.1 

4.6 

4.2 

3.9 

3.7 

3.4 

3.2 

3.1 

3.0 

10 

8.2 

7.3 

6.5 

5.8 

5.2 

4.7 

4.3 

4.0 

3.5 

3.3 

3.2 

3.2 

9.2 

7.3 

6.2 

5.5 

4.9 

4.5 

4.2 

4.0 

3.6 

3.4 

3.3 

3.2 

8.8 

7.9 

7.0 

6.3 

5.6 

5  1 

4.6 

4.2 

3.7 

3.6 

3.5 

3,4 

15 

9.9 

7.9 

67 

5.9 

5.3 

4.9 

4.6 

4.3 

3.9 

3.7 

3.6 

3.5 

9.6 

8.5 

7.6 

6.8 

6.1 

5.5 

5.0 

4.6 

4.0 

3.9 

3.8 

3.7 

20 

10. B 

8.5 

7.2 

6.4 

5.8 

5.3 

5.0 

4.7 

4.2 

4.1 

3.9 

3.8 

10.4 

9.3 

8.3 

7.4 

6.7 

6.0 

5.5 

5.0 

4.4 

4.2 

4.1 

4.0 

25 

11.5 

9.3 

7.9 

70 

6.3 

5.8 

5.4 

5.1 

4.6 

4.4 

4.3 

4.1 

11.3 

10.0 

9.0 

8.0 

7.3 

6.6 

6.0 

5.5 

4.9 

4.7 

4.5 

4.5 

30 

12.5 

10.1 

8.6 

7.6 

6.9 

6.3 

5.9 

5.6 

5.0 

4.9 

4.7 

4.5 

12.3 

10.9 

9.7 

88 

7.9 

72 

66 

6.1 

5.4 

5.2 

5.0 

4.0 

35 

13.5 

11.0 

9.4 

8.3 

7.5 

7.0 

6.5 

6.1 

5.8 

5.6 

5.3 

5.1 

5.9 

13.4 

11.8 

10  6 

9.5 

86 

7.9 

7,3 

6.8 

6.3 

6.0 

5.7 

5.6 

5.5 

40 

14.7 

12.0 

10.3 

9.1 

8.3 

7.6 

7.1 

6.7 

6.4 

6.1 

5.9 

5.7 

5.4 

car  the  discrepancy  between  the  results  of  the  single  expression  and 
the  results  of  Table  3  is  not  more  than  6.4  per  cent.  In  no  single 
column  is  there  an  average  discrepancy  of  more  than  5.3  per  cent,  and 
in  the  table  as  a  whole  the  average  discrepancy  is  not  more  than  2.9 
per  cent.  Where  quantities  are  as  small  as  those  shown  in  Table  3 
of  the  paper  so  that  an  error  of  one  unit  in  the  last  place  may  mean 
as  much  as  3  per  cent,  and  where  the  inaccuracies  of  observation 
are  as  great  as  they  are  in  the  case  of  train  resistance,  this  close 
agreement  of  a  single  equation  with  so  many  observations  would 
seem  to  be  somewhat  remarkable  and  to  warrant  its  use,since  it  does 
express  a  single  general  law  as  against  thirteen  general  laws.  The 
single  equation  is  as  follows: 


1.5 


100 

If 


1  + 


100 


S' 


i25^pr 
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6  The  resistances  computed  by  this  formula  are  compared  ^vith 
those  in  Table  3  of  the  paper  in  Table  1  herewith,  the  upper  figures 
being  those  in  Table  3,  and  the  lower  figures  being  those  found  by 
the  formula.    The  last  term  may  be  simplified  without  seriously  affect- 

ing  the  formula.    If  it  be  made   —  ,  there  vvill  be  no  discrepancy 

800 

greater  than  ten  per  cent  outside  of  the  first  column,  and  the  discrep- 
ancies in  the  first  column  will  be  very  much  less  except  for  low  speeds. 

7  This  paper  of  Professor  Schmidt's  is  the  most  comprehensive 
and  authoritative  discussion  of  freight  train  resistance  as  a  whole 
that  has  as  yet  appeared,  and  the  writer  has  been  interested  to  com- 
pare the  results  of  his  investigation  with  the  equation  devised  by 
Sanford  L.  Cluett  to  fit  the  curve  for  fully  loaded  trains  published  by 
the  late  A.  M.  Wellington,  filling  in  the  particular  coefficients  and 
numerical  quantities  to  make  it  conform  as  nearly  as  possible  to  the 
most  recently  published  values  of  some  three  years  ago.  This  equa- 
tion is 

16 
R  =  3.5  +  0.0055  S^  +  7crVT^2 
(p  -h  I) 

The  last  term  should  not  be  considered  in  comparing  values  from  this 
equation  with  Professor  Schmidt's  values  because  it  does  not  effect 
resistances  at  the  higher  speeds  and  is  introduced  simply  to  give  the 
high  resistances  at  starting,  which  Professor  Schmidt  has  eliminated. 
Considering  Professor  Schmidt's  experiments  with  trains  having  an 
average  car  weight  of  45  tons,  consisting  of  box  cars  and  gondola  cars 
almost  fully  loaded,  which  could  perhaps  be  called  average  trains,  it  is 
found  that  this  previously  published  equation  agrees  almost  exactly 
up  to  a  speed  of  20  miles  per  hour,  beyond  which  the  formula  gi\'es 
results  too  great.  This  fact  suggested  modifications  of  the  coefficients 
of  the  formula,  and  it  was  found  that  by  writing  the  equation 

72  =  4.1  +0.002  S-' 

an  almost  exact  coincidence  would  be  obtained  throughout  the  entire 
list  of  speeds  from  5  to  40  miles  per  hour. 

8  If  this  expression  can  be  multiplied  by  some  coefficient  involving 
W,  it  may  be  possible  to  drive  an  equation  to  fit  variations  in  both 
average  car  weight  and  speed.  After  trying  several  such  coefficients, 
one  was  found  which,  while  it  produced  greater  disci'cpnneies  in  some 
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parts  of  Table  3  than  docs  the  independent  equation  above  derived, 
yet  in  other  part-^  of  the  table  it  gives  results  agreeing  more  closely  than 
those  of  the  independent  equation.  On  the  whole,  it  is  a  simpler 
eciuation  than  the  latter  and  gives  results  averaging  as  well.  The 
resulting  equation  is 


5 


i^)] 


16 


(S  +    1)2 


R  =  (i.l  +  0.002  ,§2) 

which  may  be  simplified  to 

/         56  \  16 

(1.8  + 0.0009  52)(l+-j  +    ^y^p^, 

and  a  slight  modification  of  constants  may  improve  the  result.  The 
last  term  will  be  used  only  when  considering  slow  speeds  at  starting 
and  not  when  considering  slow  speeds  after  the  train  is  well  in  motion. 
It  is  considered  worthy  of  note  that  Professor  Schmidt's  results  for 
what  may  be  called  his  average  train  agree  so  ojosely  with  the  modi- 
fied Wellington  curve. 

S.  A.  Moss.  We  are  accustomed  to  think  of  the  coefficient  of 
friction  as  a  constant,  but  as  a  matter  of  fact,  in  most  cases  of  film 
lubrication  the  coefficient  of  friction  is  not  a  constant  quantity,  but 
changes  with  the  load.  That  is,  when  there  is  a  complete  oil  film 
betvv^een  the  journal  and  the  lining,  the  actual  friction  force  is  not 
increased  by  additional  bearing  pressure.  This  fact  is  well  known 
for  high-speed  journals  with  a  a\  ell-maintamed  oil  film,  and  properly 
applies  to  car  journals,  uhere  there  is  usually  very  good  lubrication. 
Hence  it  is  quite  natural  that  the  friction  per  ton  should  decrease  vnth. 
the  load. 

F.  W.  Dean.  Attempts  have  been  made  for  many  years  to  deter- 
mine train  resistance,  but  each  new  experiemnt  is  inconsistent  with 
those  which  have  preceded  it  and  we  are  still  far  from  the  real  solu- 
tion of  the  matter.  This  is  probably  due  to  the  inefficient  lubricating 
system  used  in  car  journals.  The  boxes  are  filled  with  wool  waste, 
which  is  supposed  to  have  elasticity  enough  to  keep  it  up  against  the 
bearing,  requiring  the  lubricant  to  reach  the  journal  by  capillary 
attraction  and  by  jarring,  but  it  is  doubtful  whether  this  method  is 
very  efficient.  Again,  as  the  journey  goes  on  the  oil  maj^  gradually 
leak  out  and  the  lubrication  become  even  less  effective.    This  simple 


1300  DISCUSSION 

method  of  lubricating  car  journals  will  probably  continue,  although 
in  Europe  they  take  more  pains  in  this  direction  than  we  do  in  this 
countr}'. 

H.  G.  Stoti.  Great  caution  should  be  exercised  in  drawing 
general  conclusions  from  the  data  presented  by  these  tests.  Compar- 
ative tests  from  which  general  laws  can  be  deduced  should  be  carried 
out  under  identically  similar  circumstances.  If  the  same  test  train 
had  been  used  at  the  various  speeds  the  condition  would  have  been 
constant  and  positive  conclusions  could  have  been  adopted.  It 
appears,  however,  that  each  train  was  made  up  of  cars  differing  in 
kind  and  number.  If  a  train  be  composed  of  empty  cars  with  a  loaded 
car  at  each  end,  there  will  be  a  vertical  component  of  the  draw-bar 
pull  acting  downward  to  increase  the  weight  on  the  empty  cars.  The 
air  resistance  is  also  quite  considerable  and  is  greater  per  ton  for 
empty  cars  than  for  loaded  ones.  We  have  found  in  operating  cars 
on  the  Interborough  system  that  on  cold  mornings  the  load  increases 
greatly  on  account  of  the  rigidity  of  track  and  cars  and  the  increased 
journal  friction  due  to  the  condition  of  the  lubricant.  We  cannot 
expect  to  base  any  general  deductions  on  these  tests  because  they 
were  not  made  under  precisely  similar  conditions. 

G.  N.  Van  Derhoef.  A  variation  of  journal  friction  with  change 
of  load  may  possibly  be  due  to  vibration.  Any  train  running  on  a 
railroad  has  a  certain  amount  of  vertical  vibration  and  if  the  energy 
required  to  lift  the  car  is  given  out  on  the  downward  movement, 
thus  forming  a  closed  cycle,  no  energy  is  consumed.  If,  however, 
this  cycle  is  not  a  closed  one,  energy  is  lost  through  the  track  to  the 
earth  and  must  be  made  up  by  increased  draw-bar  pull  of  the  loco- 
motive. 

2  The  number  of  wheels  is  usually  identical  for  both  heavy  and 
light  cars,  making  the  number  of  points  through  which  these  forces 
are  carried  to  the  rail  the  same  in  number,  but  the  heav}^  car  will 
move  through  an  entirelj^  different  wave  period  from  that  of  the  light 
car.  The  amplitude  of  vibration  will  be  less  for  the  heavier  car, 
making  it  ride  more  steadily  and  permitting  it  to  travel  more  nearly 
in  a  straight  line  through  space.  How  much  of  the  total  energy 
required  to  pull  the  train  is  used  up  in  vibration  it  would  probably 
l)e  hard  to  demonstrate,  but  it  must  be  considerable.  On  an 
entirely  different  class  of  machinery  which  has  quite  a  vibratory 
factor,  I  found  a  considerable  amount  of  energy  being  dissipated, 
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appreciably  affecting  the  amount  of  power  required  to  run  the  machin- 
ery. 

3  I  beUeve  that  the  loss  of  energy  due  to  vibration  affects  the 
resistance  relatively  more  than  the  variation  in  the  pressure  per 
square  inch  on  the  journals.  If  the  oil  film  is  intact,  as  it  must  be 
if  the  journal  runs  cool,  the  difference  in  friction  percentage  is  slight. 
The  greater  steadiness  of  the  heavy  car  may  largely  explain  the  dif- 
ference in  resistance  shown  by  these  tests. 

F.  J.  Cole.  The  record  of  actual  tests  given  in  Professor  Schmidt's 
paper  is  a  valuable  addition  to  the  literature  on  train  resistance.  The 
fact  that  tests  were  made  on  91  miles  of  track  specially  surveyed 
immediately  preceding  the  tests  by  the  engineering  department  of 
the  University  adds  to  the  accuracy  and  thoroughness  of  this  report. 

2  The  conclusions  which  merit  the  most  consideration  are  those 
relating  to  the  difference  in  resistance  per  ton  obtained  with  cars  of 
various  weights  and  capacities.  This  fact  the  author  comments  upon 
in  Par.  2,  stating  that  while  it  has  been  known  for  some  years  it  has 
found  inadequate  expression  and  but  little  application.  This  state- 
ment agrees  to  some  extent  with  my  own  investigations  of  the  subject, 
although  I  am  under  the  impression  that  the  fact  is  more  generally 
knowTi  among  railroad  men  and  used  in  their  tonnage  ratings  than 
the  exact  wording  of  the  paper  would  imply.  It  may  be  true  that 
the  engineering  profession  and  the  readers  of  technical  papers  have 
often  failed  to  grasp  the  full  significance  of  the  fact  that  train  resist- 
ance does  vary  to  a  great  extent  in  relation  to  the  weight  and  capacity 
of  cars. 

3  Tn  a  paper  for  the  Railway  Ago  .Gazette  ^  I  reviewed  and 
summarized  the  available  tests  and  literature  on  the  general  subject 
of  train  resistance.  Some  of  the  conclusions  reached  therein  are  as 
follows : 

a  The  resistance  of  freight  cars  varies  greatly  with  their 
capacity  and  weight,  and  whether  empty  or  loaded. 

b  The  decrease  in  resistance  on  level,  straight  track  of  50-ton 
capacity  cars  (total  weight  about  72  tons)  is  of  great  sig- 
nificance in  estimating  tonnage  ratings  on  low-grade  roads. 
This  decrease  in  resistance  becomes  of  gradually  less  im- 
portance with  increase  of  grade. 

c  The  resistance  of  American  freight  cars  is  practically  the 
same  between  the  limits  of  5  to  10  and  30  to  35  m.p.h. 
^Railway  Age  Gazette,  Aug.  27  to  Oct.  8,  1909. 
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d  The  journal  friction  is  greatest  at  starting,  rapidly  de- 
creasing and  gradually  reaching  its  minimum  somewhere 
around  20  to  30  m.p.h.,  aftewards  slightly  increasing  or 
remaining  constant. 

e  The  journal  friction  with  good  lubrication,  within  the  limits 
of  railroad  pressures,  probably  varies  inversely  as  the 
square  root  of  the  pressure. 

/  With  large-capacity  loaded  cars  at  freight  car  speeds  on 
good  track,  journal  friction  forms  a  large  percentage  of 
the  total  resistance. 

(J  The  condition  of  the  track,  stiffness  of  rails,  etc.,  are  im- 
portant factors  in  train  resistance,  because  much  energy 
is  expended  on  poor  track  in  dampened  oscillations  which 
cause  an  absorption  of  energy,  and  concussions  which 
cause  principally  an  increase  in  flange  friction. 

4  The  tonnage  ratings  of  a  number  of  important  railroads,  such 
as  the  Penns3dvania,  and  the  Chicago,  Burling-ton  and  Quincy,  are 
based  on  the  fact  that  the  resistance  of  freight  cars  varies  with  the 
weight. 

5  The  greater  resistance  per  ton  of  empty  cars  than  of  loaded 
cars  has  been  recognized  in  all  Ajnerican  tonnage  ratings,  and  differ- 
ent forms  of  correction  introduced  having  for  their  object  the  de- 
crease of  tonnage  for  trains  composed  either  wholly  or  in  part  of  empty 
cars.  Therefore  the  fact  is  recognized  that  the  resistance  per  ton  of 
the  empty  or  partly  loaded  cars  is  greater  per  ton  than  for  cars  fully 
loaded. 

6  The  average  car  weights  of  15  to  30  tons  in  the  paper  evidently 
refer  to  empty  or  partly  loaded  cars,  the  resistance  of  which  must  be 
clearly  kept  in  mind  as  compared  with  full}^  loaded  cars  of  different 
capacities,  as  for  example,  cars  of  40,000  to  100,000  lb.  capacity. 

7  In  order  to  obtain  the  exact  resistance  of  freight  cars  between 
speeds  of  5  and  30  m.p.h.  it  would  be  well  to  reduce  as  far  as  possible 
the  number  of  variables  so  as  to  simplify  the  problem.  For  this 
reason  it  would  appear  desirable,  if  the  conditions  of  traffic  permit, 
to  run  the  same  train  repeatedly  over  the  same  length  of  measured 
track  at  varying  speeds.  If  a  piece  of  straight  level  track  of  only  a 
few  miles  in  length  could  be  selected  and  be  approached  on  either 
side  at  sufficient  distance  to  get  up  the  required  speed,  the  question 
of  resistance  at  the  speeds  named  could  probably  be  more  accurately 
determined. 

8  The    Pennsylvania    Railroatl,    in   the    numerous    careful    and 
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thorough  investigations  made  by  their  test  department  for  a  number 
of  years,  and  Mr.  A.  C.  Dennis'  paper  entitled  "Virtual  Grades  for 
Freight  Trains, "  read  before  the  American  Society  of  Civil  Engineers 
December  3,  1903,  which  gives  the  results  of  actual  dynamometer 
tests  of  over  3000  miles,  both  agree  as  to  the  constancy  of  freight 
train  resistance  between  5  and  30  m.p.h.  or  at  least  that  the  resistance 
at  30  m.p.h.  is  not  greater  than  that  at  5  or  10  m.p.h.  These  con- 
clusions, because  of  the  careful  and  numerous  tests  involved,  demand 
more  than  ordinary  consideration  and  constitute  one  of  the  chief 
points  of  difference  from  Par,  90  of  Professor  Schmidt's  paper,  in 
which  it  is  stated  that  there  is  nothing  in  the  data  to  support  such 
a  conclusion. 

9  The  condition  of  the  track  regarding  stiffness,  alignment,  etc., 
doubtless  has  much  influence  on  train  resistance.  Quoting  from  Dr. 
Dudley  in  his  pamphlet  Condensed  Diagrams  of  the  Inspection  of 
the  New  York  Central  and  Hudson  River  Railroad,  1899: 

The  abihty  of  one  locomotive  to  draw  eighty  loaded  60,000-lb.  capacity  cars 
in  a  single  train  shows  what  has  been  accomplished  in  the  way  of  reducing  train 
resistance  by  improving  the  track,  motive  power  and  rolling  stock.  On  the 
light  4§-in.,  65-lb.  rails  the  freight  train  resistance  was  7  to  8  lb.  per  ton,  and 
is  now  reduced  to  3|  lb.  on  the  5i-in.,  80-lb.  rails  for  the  60,000-lb.  capacity  cars 
and  long  trains.  For  80,000  to  100,000-lb.  capacity  cars  loaded  it  would  be 
still  less. 

10  If  journal  friction  within  the  limits  of  speeds  used  on  railroads 
remains  constant  or  very  shghtly  increases  for  20  or  30  m.p.h.,  then 
it  is  conceivable,  with  track  conditions  so  perfect  that  the  oscillations, 
nosing  and  slewing  are  reduced  to  a  minimum,  that  apart  from  the 
greater  air  resistance  there  would  be  little  or  no  increased  resistance 
within  the  limits  of  ordinary  freight  car  speeds.  On  the  other  hand, 
gaging,  alignment  and  joints  may  be  in  such  poor  condition  that 
a  great  deal  of  energy  is  absorbed  in  shocks  and  dampened  oscillations, 
which  may  account  to  a  considerable  extent  for  the  somewhat  con- 
flicting results  obtained  from  dynamometer  tests.  For  a  given  stiff- 
ness of  rail  and  at  slow  speeds,  the  effect  of  the  shocks  and  oscillations 
would  not  be  so  marked,  but  as  the  speed  increased  their  effect  to 
absorb  energy  would  be  very  noticeable. 

Prof.  W.  F.  M.  Goss.  In  commending  Professor  Schmidt's 
paper,  I  want  first  to  call  attention  to  the  fact  that  it  has  resulted 
from  the  work  of  one  of  unusual  experience  in  the  field  with  which  it 
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deals.  Professor  Schmidt  became  responsible  for  the  first  dynamo- 
meter car  of  the  Universitj'-  of  Illinois  in  1894,  and  he  has  since  had 
charge  of  all  work  in  train  resistance  which  has  engaged  the  joint 
attention  of  the  University  of  Illinois  and  the  Illinois  Central  Rail- 
road. The  present  dynamometer  car,  a  device  of  superior  merit,  is 
of  his  design.  When  B.  J.  Arnold  was  securing  data  which  he  could 
use  as  a  basis  for  the  first  great  work  of  steam  railway  electrification 
in  New  York  City,  Professor  Schmidt  and  the  Illinois  dynamometer 
car  were  for  a  considerable  period  in  his  service  on  the  New  York  Cen- 
tral Railroad  and  other  eastern  roads.  Each  year's  work  has  brought 
some  distinct  improvement  in  methods  and  in  the  accuracy  and  signif- 
icance, of  the  results  obtained.  The  present  paper,  therefore,  which 
represents  work  of  the  last  two  years,  is  to  be  accepted  as  the  culmin- 
ation of  an  investigation  which  has  extended  over  a  period  of  six  or 
eight  years  in  its  entirety. 

2  The  general  subject  of  train  resistance  has  received  generous 
attention  during  the  past  year  from  F.  J.  Cole,  who  has  published  an 
excellent  review  of  existing  literature.  Mr.  Cole  has  given  a  survey  of 
the  whole  field  of  experimentation  from  which  the  reader  may  draw 
his  own  conclusions  as  to  the  value  of  any  given  set  of  results.  Pro- 
fessor Schmidt's  paper  now  comes  as  a  distinct  addition  to  this  excel- 
lent summary  of  previously  existing  data,  complete  and  compre- 
hensive and  of  undoubted  reliability.  It  shows  with  exceptional 
fidelity  the  remarkable  efficiency  of  the  heavy-capacity  car.  Judged 
by  the  results  here  presented,  the  saving  in  power  brought  about  by 
the  introduction  of  the  high-capacity  freight  car  constitutes  one  of 
the  important  achievements  in  the  development  of  modern  railroading. 
The  paper  is  important  also  because  of  the  accuracy  with  which  it 
defines  the  increase  in  train  resistance  with  increased  rates  of  speed. 
It  is  a  significant  fact,  well  set  forth  by  Professor  Schmidt's  results, 
that  among  tlie  factors  limiting  the  speed  of  freight  trains  the  in- 
creased resistance  of  the  train  itself  with  increase  of  speed  is  of  far 
less  importance  than  the  diminishing  tractive  power  of  the  locomotive 
which  pulls  it. 

John  Balch  Blood.  In  Par.  2  Professor  Schmidt  mentions  that 
the  variation  of  resistance  with  train  weight  has  not  found  adequate 
expression,  but  I  think  it  has  been  thoroughly  appreciated  and  uni- 
versally acknowledged  that  varying  car  weight  affects  the  independent 
term  of  train  resistance  formula(\     In  1903  I  pointed  out  the  values 
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of  this  coefficient  in  my  paper  on  A  Rational  Train  Resistance  For- 
mulae/ as  follows: 

A  =  3  for  heavy  freight  trains 

A  =  4  for  average  passenger  trains 

A  =  5  for  heavy  large  electric  cars 

A  =  6  for  medium  electric  cars 

A  =  7  for  lioht  electric  cars 

TABLE  1    RESULTS  GIVEN  BY  FORMULA. 


Weight    Car 
Tons 


Miles  Per  Hour 


15 

8.48 

9.04 

10.73 

12.85 

7.62 

8.20 

9.56 

11.24 

+0.86 

+0.84 

+1.17 

-! 

+1.61 

20 

6.76 

7.22 

8.55 

10.20 

'                 6.77 

7.30 

8.53 

10.00 

.             -0.01 

-O.OS 

+0.02 

+0.20 

30 

1                5.05 

5.39 

6.36 

7.54 

5.38 

5.80 

6.80 

8.05 

-O.SB 

-0.41 

-0.44 

-0.61 

40 

4.19 

4.48 

5.27 

6.22 

4.38 

4.70 

5.50 

6.57 

-0.19 

-0.22 

-0.23 

-0.S5 

50 

3.68 

3.94 

4.62 

5.43 

3.72 

3.96 

4.56 

5.52 

-O.Oi 

-0.02 

+0.04 

-0.09 

60 

3.33 

3.57 

4.18 

4.89 

3.30 

3.50 

4.02 

4.83 

+0.03 

+0.07 

+0.16 

+0.08 

75 

2.99 

3.20 

3.74 

4.37 

,                3.00 

3.18 

3.74 

4.37 

1             -0.01 

+0.02 

+0.04 

-0.10 

Formula  figures  on  first  line.    Prof.  Schmidt's  figures  on  second  line.    Differences  in  italics. 

2  These  tests  by  their  nature  have  eliminated  the  head  wind 
resistance  which  is  the  main  part  of  the  second  power  term  of  resist- 
ance formulae.    Yet  when  results  are  put  into  formulae  the  form 

R  =  a  -j-  hM  -{-  cW 
is  used. 


Trans.  A.S.M.E.,  Vol.  24,  p.  950. 
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DISCUSSION 


Why  not  instead  take  the  functional  variation  as  shown  by  the  results 
themselves? 

3     I  have  taken  the  results  at  given  speeds  and  plotted  the  total 
resistance  per  car  for  the  different  weights.     From  observation  I 
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Fig.  1     Coefficients  of  Formulae  in  Par.  75  of  the  Paper 


find  the  resistance  common  to  all  to  be  the  side-air  resistance,  and  the 
function  has  a  value  of  1.7.  The  coefficients  of  the  formulae  in  Par. 
75  were  plotted  on  the  smooth  curve  of  rectangular  hyperbolic  form. 
This  term  in  reciprocal  form  would  be  a  linear  function,  which  1 
found  to  be 


O-T) 


Taking  the  exponent  1.7  found  above  and  determining  the  coefficients 
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for  the  track  and  side  resistance  terms  gives  a  complete  formula  for 
Professor  Schmidt's  resistance  without  head-air  resistance  as  follows : 


R  =  (1.5  -\- 


100 
T 


+  0.025M  +  0.00466       Af 
T 


where  R  =  resistance,  T  =  weight  of  one  car,  M  =  miles  per  hour, 
L  —  length  of  one  car.  Results  obtained  by  the  use  of  this  formula 
at  various  car  weights  and  speeds  are  compared  with  those  of  Pro- 
fessor Schmidt  in  Table  1.  The  differences  are  less  than  the  variations 
between  observations  and  it  will  therefore  be  seen  that  with  proper 
functions  the  multiplicity  of  formulae  is  unnecessary  and  misleading. 

Lawford  H  .   Fry.     I  am  disposed  to  agree  with  Professor  Schmidt 
that  the  results  he  gives  may  be  used  with  reasonable  accuracy  for 
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Fig.  1     Comparison  of  Results  by  Proposed  Formula  and  by  Formu- 
lae OF  Par.  75  of  the  Paper 

calculating  the  resistance  of  a  freight  train,  but  I  should  like  to  suggest 
a  slight  change  in  the  method  by  which  the  results  are  expressed.  If 
from  the  resistance  equations  in  Par.  75  the  total  car  resistance  is 
calculated  for  a  number  of  car  weights  at  the  same  speed,  the  resist- 
ances when  plotted  in  relation  to  the  weight  as  in  Fig.  1  herewith  give 
an  irregular  curve,  which  does  not  appear  to  be  required  by  the  experi- 
mental data,  nor  to  express  anj'-  special  theoretical  point.  As  a  matter 
of  fact,  the  quantity  really  measured  in  the  first  place  was  the  total 
car  resistance  from  which  the  resistance  per  ton  was  calculated.    A 
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Fig  2      Comparison  op  Curves  at  5  Miles  Per  Hour 
(Fig.  3  of  the  Paper). 

slight  change  in  the  coefficient  of  Par.  75  will  be  sufficient  to  make  the 
change  proposed.  For  general  use,  however,  I  would  suggest  the 
formula 

i2=   1.5  +  ^14^  +  O.OOl^S^ [1] 

where       R  is  the  resistance  in  pounds  per  ton  of  2000  lb. 
W  is  the  weight  of  the  car  in  tons 
S  is  the  speed  in  miles  per  hour 
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Formula  1  expresses  quite  closely  Professor  Schmidt's  results  for 
all  combinations  of  weight  and  speed.  To  show  the  difference  be- 
tween the  proposed  formula  and  the  original  curves  I  have  redrawn 
Figs.  3,  5,  7  and  9  of  the  paper  (Fig.  2  to  Fig.  5  herewith),  adding  in 
dotted  lines  the  resistance  given  by  the  proposed  fornmla.  It  will  be 
seen  that  for  all  car  weights  down  to  20  tons  the  two  lines  lie  close 
together  and  that  for  lighter  weights  the  new  curve  does  no  violence 
to  the  experimental  data  and  gives  figures  which  lie  on  the  safe  side 
of  the  original  curves.  The  formula  proposed  is  not  offered  as  being 
more  accurate  than  Professor  Schmidt's,  but  simply  as  a  more  con- 
venient form  of  expressing  all  of  his  results. 

Robert  Moore^  Professor  Schmidt's  paper  presents  for  the  first 
time,  so  far  as  I  know,  facts  of  great  interest  and  suggests  some  very 
important  conclusions.  For  example,  it  justifies  very  completely  the 
general  tendency  toward  heavier  cars,  the  reasons  for  which  have  not 
been  as  well  understood  as  they  can  be  now. 

2  I  should  like  to  know  whether  the  author  has  worked  out  any 
theory  as  to  the  cause  of  this  difference  in  the  resistance  of  heavy 
and  light  cars.  The  high  cost  of  handling  freight  in  European  coun- 
tries is  probably  due  to  the  use  of  cars  so  small  that  we  could  not 
afford  to  run  them.  Cars  of  the  size  that  we  send  to  the  scrap  heap 
are  in  regular  use  in  Europe.  This  is  an  exceedingly  valuable  and 
suggestive  paper  and  clearly  points  out  the  doom  of  the  small  car. 
The  thanks  of  all  engineers  are  due  to  those  who  have  so  clearly  demon- 
strated that  fact. 

Charles  Whiting  Baker.  This  paper  offers  a  great  deal  of  food 
for  thought  to  the  engineer  who  is  interested  in  traction  matters.  It 
shows  that  the  resistance  per  ton  for  a  loaded  freight  car  is  very  much 
less  than  that  for  the  same  car  when  it  is  empty  and  is  less  for  the 
modern  50-ton  capacity  car  than  for  a  light  old-fashioned  10-ton  car. 
This  seems  to  indicate  that  to  design  a  machine  for  small  friction 
loss  it  is  necessary  to  load  the  journal  to  the  limit  of  safe  practice  and 
not  to  be  content  with  light  loads  of  50  lb.  per  sq.  in. 

2  The  difference  in  hauling  capacity  with  different  sized  cars  can- 
not be  due  to  air  resistance,  because  at  the  slow  speed  at  which  these 
tests  were  made  this  is  very  small. 


Consulting  Engineer,  Merchants  Laclede  Bldg.,  St.  Louis,  Mo. 
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Prof.  H.  Wade  Hibbard.  Examining  the  curves  in  Fig.  11  it 
will  be  noticed  that  at  15  miles  per  hour  the  resistance  of  the  75-ton 
car  is  3|  lb.  per  ton,  while  the  resistance  of  the  15-ton  car  is  nearly 
9  lb.  This  difference  is  so  great  that  the  official  who  is  charged  with 
getting  economic  results  from  freight  transportation  should  care- 
fully consider  the  question  of  discarding  small  cars.  When  I  was 
with  the  Lehigh  Valley  Railroad  orders  were  issued  to  scrap  certain 
small  cars,  of  which  we  had  many,  as  soon  as  they  cost  $16  for 
repairs.  The  application  of  engineering  principles  to  the  freight  car 
will  determine  at  what  point  the  car  ceases  to  earn  its  right  to 
existence.  The  annual  report  of  the  Interstate  Commerce  Com- 
mission shows  a  great  difference  in  the  cost  of  hauling  freight  per 
ton  mile  on  different  roads.  The  Pittsburg  and  Lake  Erie  Railroad 
shows  a  very  low  cost  per  ton  mile,  due  largely  to  the  use  of  big  cars 
and  partly  to  the  fact  that  they  carry  a  heavy  coal  traffic  north- 
ward to  the  lake  and  a  heavy  ore  traffic  southward  to  Pittsburg, 
thus  hauling  few  empties. 

2  A  glance  at  the  curves  of  Fig.  10  shows  that  they  assume  a 
horizontal  aspect  for  a  car  weight  of  75  tons,  which  seems  to  indicate 
that  the  75-ton  car  is  large  enough  and  that  an  increase  in  weight 
would  show  little  or  no  decrease  in  resistance.  It  is  a  very  common 
practice  among  Americans  to  continue  making  things  larger,  but  I 
am.  inclined  to  think  from  these  curves  that  we  have  reached  the 
limit  of  car  size,  as  regards  lessened  tractive  resistance  per  ton. 

3  We  are  entering  upon  an  era  of  scientific  railroad  engineering. 
We  are  getting  out  most  thorough  specifications  and  are  applying 
engineering  investigations  to  all  sorts  of  mechanical  equipment. 
The  locomotive,  for  instance,  is  being  born  anew  as  an  engineering 
structure  through  the  efforts  of  trained  engineers. 

4  In  my  judgment  heavy  tonnage  cars  are  easier  to  pull  because 
they  are  made  of  steel  and  are  very  stiff  over  the  truck  centres,  so 
that  the  trucks  are  free  to  swivel  more  easily  when  they  are  on 
curves  and  more  readily  take  their  natural  positions  on  tangents. 

5  Many  years  ago  when  Mr.  J.  W.  Kendrick  was  with  the 
Northern  Pacific  Railroad  he  had  his  road  gone  over  with  the  dynamo- 
meter car  for  the  purpose  of  adjusting  locomotive  ratings  and  con- 
sequent size  of  tranis.  The  result  of  adding  a  jingle  car  to  each 
train  would  be  a  considerable  increase  in  the  productive  capacitj'^ 
of  any  road. 

6  It  is  not  necessary  for  a  road  to  go  to  the  expense  of  a  complete 
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dynamometer  car  such  as  Prof.  Schmidt  used.  I  have  employed  a 
hydraulic  drawbar  about  four  feet  in  length  between  the  tender  and 
train  as  a  substitute  and  I  believe  that  such  an  instrument  will 
produce  results  and  information  of  much  value  at  a  slight  expense. 

J.  P.  Clayton^  mentioned  the  possibility  of  the  curves  in  Fig.  10 
turning  upward  again  with  heavier  cars  since  they  do  not  become 
isentropic  in  the  last  part  of  the  curve  as  drawn. 

F.  W.  Marquis.  Professor  Hibbard  believes  that  we  have 
reached  the  limit  with  a  75-ton  car  and  I  believe  that  this  is  true 
of  the  present  design,  but  by  increasing  the  bearing  area  the  size 
of  the  car  might  be  increased  without  increasing  the  resistance. 

The  Author.  T  have  been  especially  interested  in  the  formulae 
proposed  by  Dean  Raymond,  Mr,  Fry,  and  Mr.  Blood.  While  T 
believe  that  in  the  ordinary  applications  of  the  data  the  table  is  the 
most  convenient  expression  of  the  results,  I  appreciate  thoroughly 
the  usefulness  of  such  general  formulae  as  have  been  proposed.  The 
reasons  for  not  including  them  in  the  original  paper  are  set  forth  in 
Par.  74.  Since,  however,  the  discussion  has  brought  forward  sugges- 
tions for  a  general  expi-ession  of  the  results  in  terms  of  R,  S,  and  W, 
it  seems  well  to  present  some  of  these  which  were  deduced  during  the 
preparation  of  the  manuscript.  Among  those  which  most  accurately 
represent  the  experimental  results  are  the  following: 

fi  =  „^jtiL_ (4, 

0.171  W  +S.S 
R  =  (l.5  +  ^^^)  (1  +  O.OIS  -1-  0.0003S2) (5) 

R  =  — -^  (1  +  0.01  S  +  0.0003S2) (C) 

2  Formula  A  gives  a  maximum  deviation  from  the  results  of 
Table  3  of  about  10  per  cent  when  W  =  75.  For  other  values  of  W 
the  error  varies  from  4|  to  7^  per  cent.  Formula  B  results  in  a  maxi- 
mum error  of  about  10  per  cent,  but  this  occurs  when  W  =  15.  For 
other  values  of  W,  formula  B  gives  a  maximum  error  of  about  7  per 
cent.  The  maximum  error  resulting  from  the  use  of  formula  C  at  any 
part  of  its  range  is  about  7  per  cent, 

^Assistant  in  Railway  Engineering,  University  of  Illinois,  Urbana,  111. 


TWO  PROPOSED  UNITS  OF  POWER 

By  Prof.  Wm.  T.  Magruder,  Published  in  The  Journal  for  June  1910 
ABSTRACT    OF   PAPER 

The  paper  gives  a  history  of  the  terms  "horsepower,"  "commercial  horse- 
power," "Centennial  horsepower,"  "unit  of  commercial  evaporation,"  "unit 
of  evaporation,"  "kal,"  "boiler  horsepower,"  and  shows  how  they  have  been 
changing  in  definition  and  value,  with  a  comparison  of  the  values  in  B.  t.u. 
of  the  units  of  evaporation  and  of  boiler  horsepowers.  An  objection  is  made  to 
the  use  of  the  term  horsepower  as  applied  to  steam  boilers,  since  as  the  out- 
put of  a  steam  boiler  is  heat  energy,  it  should  be  so  measured.  The  capacity 
or  power  of  a  boiler  and  its  output  of  energy  should  therefore  be  measured  in 
"boiler-powers."  A  boiler-power  is  defined  as  33,000  B.t.u.  of  heat  energy 
delivered  per  hour  by  a  steam  boiler,  steam  main,  hot-water  heating  main  or 
the  like,  or  added  per  hour  to  the  feed-water  of  a  boiler,  or  to  the  water  of  a 
hot-water  heating  system. 

Similarly,  an  objection  is  raised  to  the  term  "horsepower"  as  the  unit  of 
measurement  of  the  output  of  heat  energy  of  a  blast  furnace,  coke  oven,  gas 
producer,  gas  main  or  oil  well.  The  statement  is  made  that  10,000  B.t.u.  of 
heat  energy  per  hour  are  required  for  the  development  of  a  mechanical  horse- 
power, as  the  average  of  the  best  gas  engine  practice  today.  It  is  proposed 
that  the  heat  energies  of  gaseous  and  liquid  fuels  be  measured  in  "gaa-power," 
a  gas-power  being  defined  as  100,000  B.t.u.  of  heat  energy  delivered  per  hour 
by  a  gaseous  or  liquid  fuel. 

DISCUSSION 

William  Kent.  As  one  of  those  who  took  an  active  part  in  the 
establishment  of  the  unit  of  boiler  horsepower,  as  chairman  of  the 
Boiler  Test  Committee  of  1884  and  a  member  of  the  committee  of 
1889,  it  may  be  well  that  X  should  give  my  present  views  on  the  sub- 
ject. 

2  In  the  meetings  of  the  committee  of  1884  the  question  of  the 
boiler-horsepower  unit  was  thoroughly  discussed.  Among  other  units 
urgently  favored  by  one  or  more  members,  but  finally  rejected,  were 
the  one  now  proposed  by  Professor  Magruder,  33,000  heat  units  per 
hour;  one  proposed  by  myself,  30  lb.  of  water  from  and  at  212  deg. ; 
and  one  proposed  by  someone  else,  30  lb.  from  212  deg.l[into  steam 
at  70  lb.  pressure,  which  at  that  date  was  the  unit  adopted  in  specifica- 
tions for  contracts  by  the  Babcock  and  Wilcox  Company. 
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3  The  unit  adopted  by  the  Centennial  committee  was  30  lb.  of 
water  evaporated  into  dry  steam  per  hour  from  feed  water  at  100 
deg.  fahr.,  and  under  a  pressure  of  70  lb.  per  sq.  in.  above  the  atmos- 
phere. The  committee  of  1884  adopted  the  same  unit,  but  in  order 
to  express  it  both  in  terms  of  ''from  and  at  212"  and  in  heat  units, 
they  stated  that  it  "shall  be  considered  to  be  equal  to  34^  units  of 
evaporation,  that  is,  to  34|  lb.  of  water  evaporated  from  a  feed  water 
temperature  of  212  deg.  fahr.  into  steam  at  the  same  temperature. 
This  standard  is  equal  to  33,305  thermal  units  per  hour."  Taking 
the  steam  tables  available  in  1884,  the  total  heat  above  32  deg.  of 
steam  of  70-lb.  gage  pressure  was  1778.24,  and  the  total  heat  of  water 
at  100  deg.  was  68.08.  The  difference,  1110.16,  divided  by  965.7, 
the  latent  heat  at  212  deg.,  gives  34.488  instead  of  34.5.  The  product 
of  30  X  1110.16  is  33,304.8  thermal  units. 

4  The  term  "unit  of  commercial  evaporation,"  quoted  by  Pro- 
fessor Magruder  from  the  Centennial  tests,  and  recalculated  by  him 
with  different  values  in  Par.  8,  was  not  used  by  the  committee  of 
1884  nor  by  the  committee  of  1889.  It  always  was  a  useless  unit, 
and  there  is  no  need  of  considering  it  now. 

5  The  committee  of  1899,  recognizing  the  facts  that  100-deg. 
feed  water  and  70-lb.  steam  pressure  no  longer  represented  prevailing 
steam  practice,  as  they  did  in  1876;  that  there  was  a  general  tendency 
to  use  the  term  "from  and  at  212  deg."  in  contracts  for  boilers;  and 
that  some  scientific  engineers  wished  to  use  the  thermal  unit  in  their 
calculations  and  reports,  agreed  to  drop  the  condition  of  100-deg. 
feed  and  70-lb.  pressure  as  the  basis  of  the  definition  of  the  standard, 
and  to  take  34^  lb.  from  and  at  212  deg.  as  the  basis.  This  involved 
a  recalculation  of  the  heat  units,  which  then  became  33,317  instead  of 
33,305. 

6  For  the  33  years  from  1876  to  1909  there  has  been  no  confusion 
or  complication  in  the  standard  of  boiler  horsepower  beyond  the 
insignificant  difference  of  12  lb.  in  33,300,  and  since  1899  there  has 
been  a  universal  acceptance  of  34|  lb.  from  and  at  212  deg.  as  the 
exact  standard.  The  settled  practice  of  33  years,  which  has  gone 
into  the  literature  of  steam  boilers,  and  on  which  contracts  are  based, 
should  not  be  changed  without  very  strong  reasons. 

7  There  is,  however,  a  very  good  reason  for  changing  the  figures 
used  in  expressing  boiler  performance  on  a  heat  unit  basis,  and  the 
factors  of  evaporation  used  for  converting  the  evaporation  under 
any  stated  condition  into  equivalent  evaporation  from  and  at  212 
deg.    It  is  that  the  old  steam  tables,  based  on  tlie  results  of  Kegnault's 
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experiments  of  over  60  years  ago,  are  now  known  to  be  slightly  in 
error,  and  more  accm'ate  tables  are  now  available.  According  to 
the  new  tables  of  Marks  and  Davis  the  latent  heat  of  steam  at  2 1 2  deg. 
is  970.4  B.t.u.,  and  the  heat  equivalent  of  the  boiler  horsepower, 
or  34|  units  of  evaporation,  is  33,478.8  B.t.u.  By  Peabody's  tables 
the  corresponding  values  are  969.7  and  33,454.65,  the  difference  being 
only  about  0 .  07  per  cent.  This  difference  is  due  chiefly  to  the  use 
of  different  values  for  the  thermal  unit,  which  according  to  Marks 
and  Davis  is  liiy  of  the  heat  needed  to  raise  1  lb.  of  water  from 
the  freezing  point  to  the  boiling  point  at  mean  atmospheric  pres- 
sure, and  according  to  Peabody  is  the  heat  needed  to  raise  the  tem- 
perature of  1  lb.  of  water  from  62  to  63  deg.  fahr. 

8  The  actual  difference  which  arises  from  the  use  of  the  two 
tables  may  be  shown  by  an  example:  Suppose  a  boiler  evaporates 
10,000  lb.  of  water  per  hour  from  100  deg.  fahr.  into  steam  at  70  Ib.- 
gage  pressure,  and  uses  1000  lb.  of  combustible  per  hour,  the  heating 
value  of  the  combustible  being  15,000  B.t.u.  per  lb.  Required  the 
horsepower,  the  equivalent  evaporation  per  pound  of  combustible, 
and  the  efficiency. 

Old  Marks 

Tables  Peabody       and  Davis 

a     Total  heat  of  1  lb.  of  steam  at  70.3-lb.  gage  1178.3        1183.1        1183.4 
b     Total  heat  of  1  lb.  of  water  at  100  deg.  fahr.    68.08  68.0  37.97 

c     Difference  1109.22      1115.1        1115.43 

d     Divide  by  latent  heat  at  212  deg.  965.7  969.7  970.4     * 

e     Factor  of  evaporation  1.14862      1.14994      1.14945 

/      Equivalent  pound  per  hour  from  and  at  212 

deg.  11,486.2      11,499.4      11,494.5 

g     Horsepower  (equiv.  evap.  -r-  34|)  332.93        3.33.32        333.17 

h     Heat  units  absorbed  per  pound  combustible 

(ex  10)=  11,092.2     11,151.0   11,154.3 

i      Efficiency,  per  cent,  (/i  ^  15,000)  73.95  74.34        74.36 

9  While  the  difference  in  the  latent  heat  of  steam  at  212  deg. 
in  the  new  tables  is  0 .  07  per  cent,  the  difference  in  the  practical  results 
is  only  about  0 .  04  per  cent,  since  the  total  heats  differ  in  the  two 
tables. 

10  The  complication  of  which  Professor  Magruder  complains  will 
disappear  if  either  one  of  the  two  new  tables  is  used.  There  is  no 
chance  for  confusion,  misunderstanding,  or  "litigation  between  con- 
tractors on  the  accuracy  of  the  fulfilment  of  the  terms  of  a  contract ' ' 
if  the  contract  defines  a  boiler  horsepower  as  the  equivalent  evapora- 
tion of  34^  lb.  of  water  from  and  at  212  deg.  fahr.  and  specifies  that  in 
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computing  the  equivalent  evaporation  Marks  and  Davis' or  Peabody's 
table  shall  be  used.  If  the  tables  are  not  specified,  an  engineer  using 
the  old  tables  might  report  the  horsepower  developed  in  a  test  as 
332.93,  while  if  he  used  Peabody's  tables  he  would  report  it  as  333.32, 
and  if  he  used  Marks  and  Davis'  tables  333.17,  scarcely  a  large  enough 
difference  to  be  the  cause  of  litigation. 

11  I  prefer  to  use  Marks  and  Davis'  tables  myself,  because  I 
think  the  heat  unit  upon  which  they  are  based,  riff  of  the  heat 
required  to  raise  1  lb.  of  water  from  the  freezing  point  to  the  boiling 
point  at  atmospheric  pressure,  both  of  the  points  being  those  of 
physical  phenomena  which  are  independent  of  the  graduations  of 
a  thermometer,  is  more  capable  of  precise  determination  than  the 
heat  unit  defined  as  the  heat  required  to  raise  1  lb.  of  water 
from  62  deg.  to  63  deg.  fahr.  Other  good  reasons  for  the  adop- 
tion of  this  unit  are  given  in  the  preface  to  Marks  and  Davis' 
tables. 

Edwin  D.  Dreyfus.  Cases  frequently  arise  in  which  comparisons 
must  be  made  between  a  gas  plant  and  a  steam  plant.  Considering 
that  in  many  installations  there  are  different  proportions  of  heat 
and  power  required,  it  becomes  extremely  important  that  we  keep 
them  on  some  rational  basis,  so  as  to  avoid  confusion.  Inasmuch  as 
we  have  definite  standards  for  powers,  we  could  consider  the  amount 
of  energy  delivered  by  the  boiler  or  producer  to  the  heat  transferring 
medium,  either  steam  or  gas,  as  equivalent  to  so  many  heat  units, 
in  potential,  sensible  or  latent  heat;  and  then  determine  how  much 
power  could  be  developed  from  that  heat,  depending  on  the  thermal 
efficiency  of  the  steam  or  gas  motor. 

H.  G.  Stott.  In  discussing  any  unit  of  power  it  is  always  best  to 
have  a  definite  name  for  it.  The  names  for  units,  especially  electrical 
units,  have  all  been  given  to  prominent  men  who  have  made  great 
research  in  the  sciences  or  arts  connected  with  electrical  engineering. 

2  It  occurs  to  me  that  we  have  here  an  opportunity  of  perpetuating 
the  name  of  a  man,  although  he  really  does  not  require  it  because  his 
name  will  always  live  in  engineering  science.  Why  not  call  this 
unit  a  "Thurston"? 

3  It  is  proposed  to  reduce  the  horsepower  from  33,479  B.t.u.  per 
hr.  according  to  Marks  and  Davis,  to  33,000.  The  horsepower  is 
irrational  and  empirical,  while  the  kilowatt-hour,  which  is  based  upon 
the  c.g.s.  system,  provides  a  rational  unit.     One  kilowatt  hour  is 
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equal  to  3412  B.t.u.  Why  not  make  a  multiple  of  this  quantity, 
34,120  B.t.u.,  the  unit  for  boilers  and  producers?  This  would  raise 
the  unit  641  B.t.u.  instead  of  decreasing  it  by  479  B.t.u.,  as  proposed 
by  Professor  Magruder.  Dividing  by  ten  would  give  a  direct  compari- 
son of  the  efficiency  from  the  steam  or  fuel  to  the  switchboard. 

I.  LuNDGAARD.^  A  more  striking  example  of  chaos  than  the  utter 
disorder  and  confusion  that  exist  in  the  English  system  of  technical 
units  can  hardly  be  conceived,  and  the  most  remarkable  thing  is  that 
it  is  tolerated.  What  we  need  is  not  more  but  fewer  units.  There  is 
a  unit  for  heat;  but  that  does  not  prevent  us  from  having  at  the  same 
time  a  unit  of  refrigeration,  a  unit  of  evaporation,  a  boiler  horsepower; 
and  the  paper  under  discussion  proposes  a  boiler-power,  and  a  gas- 
power. 

3  Manifestly  we  should  have  no  unit  of  heat,  since  heat  is  energy, 
and  the  unit  of  energy  is  directly  applicable.  We  would  then  save 
the  conversion  of  British  thermal  units  to  foot  pounds  for  calculations 
of  efficiencies  of  heat  cycles.  But  energy  is  measured  in  foot  pounds 
and  horsepower-hours,  so  we  have  the  same  multiplicity  of  units  in 
this  case. 

4  The  paper  under  discussion  is  unfortunate  both  in  its  aim  and 
in  the  selection  of  the  names  of  the  new  units.  The  two  proposed 
units  are  unnecessary,  and  they  add  another  calculation  to  our  labors 
and  are  therefore  harmful.  They  convey  no  familiar  impression  or 
resemblance  to  our  minds  that  would  facilitate  their  comprehension 
and  remembrance.  Until  we  adopt  some  better  units,  let  us  use  the 
British  thermal  unit;  or,  in  cases  where  this  unit  is  too  small  or  too 
large,  let  us  use  some  decimal  part  of  it. 

The  Author.  I  quite  agree  with  Mr.  Kent  that  standards  should 
not  be  changed  except  for  very  strong  reasons.  But  he  proposes  to 
change  again  the  standard  for  a  boiler  horsepower  to  suit  the  new 
steam  tables  and  the  new  definition  of  a  British  thermal  unit  as  pro- 
posed on  page  6  of  Marks  &  Davis'  steam  tables.  Mr.  Kent  loses 
sight  of  the  fact  that  I  am  not  proposing  a  change  in  the  definition 
and  value  of  the  boiler  horsepower,  as  he  does,  but  rather  a  more 
logically  named  unit  and  a  fixed  value  for  it  which  will  not  have  to 
be  changed  with  each  new  investigation  on  the  heat  of  water  and 
steam,  to  be  called  a  "boiler-power"  rather  than  a  " boiler-horse- 

^'Vssociate  Engineer,  Rochester  Railway  and  Light  Co.,  Rochester,  N.  Y. 
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power."  I  propose  to  substitute  the  use  of  the  term  "boiler-power" 
for  the  term  "boiler-horsepower,"  the  former  being  definite  and 
fixed  and  the  latter  being  variable  in  value. 

2  Accepting  Mr.  Kent's  example,  it  will  be  seen  that  a  difference 
of  0.41  per  cent  in  the  efficiency  of  a  boiler  as  calculated  by  the  old 
tables  (73.95  per  cent)  as  compared  with  its  efficiency  as  calculated 
by  either  of  the  later  steam  tables  (74.34  per  cent  or  74.36  per  cent) 
is  enough  to  cause  misunderstanding.  The  use  of  the  British  thermal 
unit,  or  its  multiple,  in  all  commercial  and  scientific  measurements 
of  the  heat  absorbed  and  given  out  by  a  boiler  would  free  us  from 
the  complications  incident  to  "from  and  at." 

3  If  we  accept  Mr.  Stott's  suggestion  that  a  "  Thurston"  is  34,120 
B.t.u.  of  heat  energy  delivered  per  hour  by  a  boiler,  let  us  add  that  an 
"  Otto"  is  10,000  B.t.u.  of  heat  energy  delivered  per  hour  by  a  gaseous 
or  liquid  fuel. 

4  I  cannot  agree  with  Mr.  Lundgaard  in  his  statement  that  we 
should  have  no  unit  of  heat,  but  should  measure  it  solely  in  foot- 
pounds, simply  because  "heat  is  energy."  As  electricity  is  another 
form  of  energy,  would  he  require  us  to  measure  the  capacities  and 
outputs  of  dynamo  machinery  in  foot-pounds  rather  than  in  joules 
and  watts?  However,  I  agree  with  his  conculsion  to  use  the  British 
thermal  unit  and  multiples  of  it,  and  therefore  proposed  10,000  B.t.u. 
per  hour  as  one  gas-power,  and  33,000  B.t.u.  per  hour  as  one  boiler- 
power.  The  object  in  writing  this  paper  was  not  to  increase  the  number 
and  complexity  of  the  units  already  in  existence,  but  to  simplify  the 
units  of  capacity,  or  output,  of  steam  boilers  and  gas-producers  before 
a  more  complex  and  irrational  unit  shall  become  fixed  by  use  for  the 
latter. 


OPERATING  EXPERIENCES  WITH  A  BLAST 
FURNACE  GAS  POWER  PLANT 

By  H.  J.  Freyn,  Published  in  The  Journal  for  June  1910 

ABSTRACT  OF  PAPER 

The  plant  under  discussion  in  the  paper  consists  of  four  2000-kw.  gas  engine 
generators  receiving  blast  furnace  gas  cleaned  in  a  preliminary  and  a  secondary 
washing  plant.  The  former  consists  of  two  tangential  dry  dust  catchers  and  two 
wet  scrubbers,  or  hurdle  washers,  while  in  the  latter  plant  Theisen  gas  washers 
are  used.  The  gas  supplied  by  si.x  blast  furnaces,  had  in  1909  an  average  heat 
value  of  98.3  B.t.u.  per  cu.  ft.,  and  contained  26.51%  CO,  3.57%  H,  and  0.196% 
CH4.  The  temperature  of  the  gas  entering  the  gas-cleaning  plant  averaged 
332.5  deg.  fahr.,  which  was  reduced  during  the  cleaning  process  practically  to 
atmospheric  temperature  at  the  engines.  The  average  raw  gas  pressure  was 
9.29  in.  of  water,  while  gas  of  4-in.  pressure  was  delivered  by  a  100,000-cu.  ft. 
gas  holder.  The  average  amount  of  flue  dust  in  the  dry-cleaned  gas  was  1.53 
grains  per  cu.  ft.,  which  during  the  washing  process  was  reduced  to  0.0058 
grains  per  cu.  ft.  The  wet  scrubbers  took  out  80%  and  the  secondary  cleaning 
plant  98%  of  the  amount  of  dust  received.  The  total  efficiency  of  the  gas- 
washing  plant  was  99.5%.  The  amount  of  moisture  in  the  engine  gas  averaged 
5.62  grains,  against  3.49  grains  in  the  atmospheric  air.  The  amount  of  water 
used  for  gas  cleaning  averaged  102  gal.  per  1000  cu.  ft.  of  gas  cleaned,  83  gal. 
of  which  was  used  in  the  wet  scrubbers,  and  19  gal.  in  the  Theisen  washers. 
The  power  consumed  in  the  gas-cleaning  plant  was  3.3%  of  the  gas  engine 
output.  The  load  factor  for  the  year  was  72%,  and  the  average  running  time 
was  77%  of  the  total  possible  time.  The  thermal  efficiency  of  the  plant  at  the 
engine  shaft,  as  determined  continuously  by  Venturi  meter,  averaged  20.8% 
for  1909.    The  total  output  of  the  station  was  50,494,100  kw. 

ADDITION 

The  following  addition  to  his  paper  was  given  orally  by  Mr.  Freyn  in  present- 
ing it  before  the  Society  at  the  Spring  Meeting  and  should  therefore  be  con- 
sidered a  part  of  his  paper. — Editor. 
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SUMMARY  OF  OPERATING  RESULTS  DURING  THE  FIRST 
FOUR  MONTHS  OF  1910 

In  January  1910,  the  first  gas  blowing  engine  was  ?tarted  very  successfully, 
and  since  that  time  two  more  have  been  put  in  operation,  furnishing  blast  to 
three  furnaces.  One  of  these  engines  is  blowing  blast  furnace  No.  4  without  the 
aid  of  steam  blowing  engines,  delivering  40,000  cu.  ft.  of  air  per  minute. 

2  The  change  in  the  arrangement  of  the  preliminary  gas  cleaning  plant  men- 
tioned in  the  paper  was  put  into  effect  in  January  and  the  results  obtained  by 
operating  four  wet  scrubbers  in  parallel  are  very  satisfactory. 
3  The  addition  of  gas-blowing  engines  and  the  larger  output  of  the  gas-elec- 
tric station  has  very  materially  increased  the  quantity  of  power  gas  consumed, 
so  that  at  present  about  27,500  cu.  ft.  of  gas  are  being  purified  each  minute  with 
four  gas-eiectric  and  three  gas  blowing  engines  in  operation.  The  average 
quantity  of  gas  cleaned  per  minute  for  the  first  four  months  of  1910  was  20,845 
cu.  ft.  or  about  25%  more  than  the  average  for  the  year  1909  and  46%  more  than 
the  corresponding  average  from  January  to  April  1909. 

4  Inasmuch  as  five  blast  furnaces  have  been  in  operation  since  the  beginning 
of  the  year,  and  since  gas  blowing  engines  are  supplying  a  large  percentage  of 
the  blast  to  these  furnaces,  the  gas  supply  has  always  been  more  than  suffi- 
cient, the  surplus  gas  being  utilized  at  present  to  fire  the  boilers  at  the  adjacent 
plate  mill,  which  heretofore  had  been  fired  with  coal. 

5  The  average  output  of  the  gas  power  plant  for  the  first  four  months  of 
1910  was  5663  kw.,  corresponding  to  a  load  factor  of  70.8%.  The  average  time 
of  operation  of  the  plant  for  this  period  was  557  hours  per  month  or  77.5%  of 
the  total  possible  time.  Repairs  on  the  engines  were  responsible  for  17.5%, 
while  operation  of  the  plant  caused  5%  of  the  shutdowns.  In  no  instance  was 
lack  of  gas  responsible  for  lost  time  during  this  period.  The  gas  pressure  of 
the  raw  blast  furnace  gas  averaged  10.6  in.  of  water,  while  the  average  gas  pres- 
sure after  the  secondary  washers  was  14.9  in. 

6  Under  present  conditions,  with  blast  furnace  No.  1  out  of  blast  and  the 
plate  mill  boiler  house  receiving  gas,  the  bulk  of  the  gas  for  the  engines  is  being 
furnished  by  furnace  No.  3.  This  was  most  strikingly  proved  a  few  weeks  ago, 
when  for  certain  operating  reasons  the  watering  of  the  stock  on  this  furnace 
was  abandoned.  The  consequence  was  a  tremendous  increase  in  the  amount 
of  flue  dust  carried  into  the  gas  cleaning  plant,  which  became  so  serious  that  the 
watering  of  the  stock  on  this  furnace  had  to  be  resumed.  Since  furnace  oper- 
ation during  this  period  was  remarkably  smooth  and  uniform  no  difficulties 
or  troubles  were  encountered  in  the  operation  of  the  gas  engines  from  back- 
firing and  premature  explosions,  nor  did  sudden  changes  in  the  quality  of  the 
gas  occur. 
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7  The  average  composition  of  the  blast  furnace  gas  delivered  to  the  engines 
for  the  first  four  months  of  1910  was  14.8%  CO2,  25%  CO,  3.59%  H  and  0.22%, 
CHj,  with  a  computed  heat  value  of  93.15  B.t.u.  and  a  heat  value  of  92.9  B.t.u. 

CO 

per  cu.  ft.  determined  by  calorimeter.    The  ratio    — —  was  1.69,   materially 

CO2 
lower  than  for  the  corresponding  period  of  1909,  when  it  was  2.1,  indicating  low 
coke  consumption  and  a  more  rational  operation  of  the  furnaces. 

8  The  average  temperature  of  the  gas  entering  the  gas  cleaning  plant  was 
255  deg.  and  84  deg.  before  the  wet  scrubbers.  The  reduction  in  temperature 
due  to  radiation  through  the  unlined  zigzag  flue  was  therefore  67%  in  1910 
against  66.6%  for  the  corresponding  period  of  1909,  the  average  air  temperature 
being  40  deg. 

9  Since  the  velocity  of  the  gas  traveling  through  the  pipes  is  materially 
greater  on  account  of  the  larger  quantity  of  gas  purified,  only  small  quantities 
of  flue  dust  are  being  deposited  in  the  dust  legs  of  the  zigzag  flue  and  the  gas 
delivered  to  the  wet  scrubbing  plant  is  considerably  dirtier  than  it  was  last 
year.  The  amount  of  flue  dust  in  dry  cleaned  gas  averaged  1.8061  grains  per  cu. 
ft.  with  a  minimum  of  1.3979  grains  in  January  and  a  maximum  of  2.3361  grains 
in  April.  The  wet  scrubbers,  only  two  of  which  were  operating  in  series  up  to 
May  1910,  removed  from  the  gas  an  average  of  91.5%  of  the  flue  dust,  delivering 
clean  gas  containing  an  average  of  0.1488  grains  per  cu.  ft.  This  high  effi- 
ciency of  the  wet  scrubbers  is  maintained  with  four  scrubbers  operating  in 
parallel.  With  over  27,000  cu.  ft.  of  gas  cleaned  per  minute,  the  four  wet 
scrubbers  have  removed  in  May  1910,  an  average  of  96.1%  of  the  impurities 
received.  The  average  temperature  of  the  clean  gas  delivered  to  the  Theisen 
washers  was  52  deg.,  the  gas  entering  the  gas  holder  at  50.55  deg.  These  tem- 
peratures were  lower  than  the  temperature  of  the  water  supply,  55.41  deg.,  since 
the  average  air  temperature  did  not  exceed  40  deg.  for  the  first  four  months  of 
the  current  year.  The  temperature  of  the  waste  water  from  the  first  wet 
scrubber  was  86.85  deg.  on  account  of  the  larger  quantity  of  gas  passing  per 
minute,  and  the  temperature  of  the  waste  water  from  the  second  scrubber, 
56.38  deg.,  was  only  a  little  higher  than  the  temperature  of  the  water  supply, 
proving  that  the  cooling  effect  took  place  almost  exclusively  in  the  first  wet 
scrubber. 

10  The  amount  of  moisture  in  the  clean  gas  was  4.735  grains  per  cu.  ft.  and 
the  fine  gas  carried  3.658  grains  against  1.994  grains  of  moisture  in  the  atmos- 
pheric air.  The  larger  amount  of  moisture  in  1910  is  due  to  the  reduced  water 
consumption  and  to  the  larger  quantity  of  gas  purified  per  minute,  which 
reduced  the  time  during  which  the  cooling  and  condensing  effect  of  the  water 
and  the  atmosphere  acted  on  the  gas. 

11  The  efficiency  of  the  secondary  cleaning  plant  was  over  96%,  with  a 
minimum  of  95%  and  a  maximum  of  97%  in  January  and  April  respectively. 
The  amount  of  flue  dust  in  the  fine  gas  averaged  0.00632  gr.  per  cu.  ft.,  being 
9%  higher  than  the  average  for  the  whole  year  of  1909,  while  the  amount  of 
gas  cleaned  per  minute  was  25%  larger.  It  is  to  be  noted  that  the  overall  effici- 
ency of  the  wet  scrubbing  and  secondary  cleaning  plants  for  this  period  was 
99.6%,  so  that  only  0.4%  of  the  amount  of  dust  originally  contained  in  the  dry 
cleaned  gas  was  carried  over  into  the  gas  engines. 

12  The  quantity  of  water  used  in  the  Theisen  washers  averaged  17.5  gal. 
per  1000  cu.  ft.  of  gas  cleaned  or  about  two  gallons  less  than  the  average  for  the 
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whole  year  of  1909.  A  marked  economy  in  the  amount  of  water  used  in  the 
wet  scrubbers  was  realized,  only  63.1  gal.  of  water  being  supplied  per  1000  cu. 
ft.  of  gas  cleaned.  The  reduction  in  the  total  water  consumption  amounted 
therefore  to  more  than  20%  compared  with  1909,  and  a  further  reduction  is 
being  tried  at  present,  since  it  was  found  that  wi  th  four  wet  scrubbers  operating 
in  parallel  the  clean  gas  is  relatively  cleaner  than  it  was  with  series  washing 
in  two  wet  scrubbers. 

13  Unfortunately  the  power  consumption,  and  therefore  the  cost  of  clean-ng 
per  unit  of  gas  will  not  be  very  much  affected  by  such  a  reduction,  since  the 
wet  scrubber  pumps  do  not  use  more  than  about  10%  of  the  total  amount  of 
power  consumed  in  the  gas  cleaning  plant. 

14  The  average  power  consumption  for  the  first  four  months  of  1910  was 
0.308%  for  the  wet  scrubber  pumps,  3.011%  for  the  Theisen  washers,  the  total 
being  3.319%  of  the  combined  output  of  all  gas  engines. 

15.  The  heat  consumption  of  the  gas-electric  station  with  an  average  load 
of  91.45%  on  the  engines  while  in  operation  was  16,873  B.t.u.  per  kw.-hr.  or, 
at  98.2%  generator  efficiency,  12,101  B.t.u.  per  b.h.p.-hr.,  so  that  the  average 
thermal  efficiency  at  the  shaft  for  the  first  four  months  was  21.1%.  The  averages 
for  the  individual  months  were  20.9%,  21.9%,  20.8%,  and  20.8%  respectively. 

16  While  it  has  not  yet  been  possible  to  determine  the  thermal  efficiency  of 
the  various  types  of  gas  blowing  engines  recently  installed,  Venturi  meter 
measurements  of  the  total  quantity  of  gas  delivered  to  the  gas  holder  indicate 
that  the  heat  consumption  of  the  three  engines  operating  at  about  70%  of  their 
full  load  capacity  averages  about  12,000  B.t.u.  per  b.h.p-hr.,  these  engines 
operating  at  about  70%  of  their  full  load  capacity.  The  thermal  efficiency  of 
the  plant  is  therefore  about  21%.  The  result  of  the  fuel  economy  of  the  gas- 
blowing  engines  is  a  very  marked  reduction  in  coal  consumption  of  the  plants 
which  are  directly  or  indirectly  benefited  by  the  installation  of  these  engines. 


DISCUSSION 

A.  E.  Maccoun.^  Mr.  Freyn's  statement  regarding  the  excess 
power  from  blast  furnaces  is,  I  think,  a  little  excessive.  Where 
blast  furnace  plants  are  connected  with  steel  works,  requiring  all 
their  excess  power,  or  are  in  such  locations  that  they  can  dispose 
of  their  surplus  power  at  a  profit,  there  should  be  no  hesitancy  in  in- 
stalling gas  engines  for  at  least  85  per  cent  of  the  power  required  in 
blowing  the  furnaces  and  for  generating  electricity  for  use  at  the 
works  or  for  transmission,  bub  in  some  cases  blast  furnaces  are  not  so 
ideally  located.  On  account  of  the  higher  cost  of  gas-engine  in- 
stallations over  those  of  steam,  under  such  conditions  the  former 
naturally  could  not  be  recommended.  All  conditions  of  this  kind 
should  be  carefully  studied,  as  in  many  cases  gas-engine  installa- 
tions may  be  carried  too  far. 

*  Superintendent  of  Furnacco,  Carnegie  Steel  Company,  Braddock,  Pa. 
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2  1  fully  agree  with  Mr.  P'reyn  in  not  trusting  to  automatic 
arrangements  for  regulating  the  gas  supply,  as  the  gas  pressure  must 
necessarily  be  kept  up  in  any  gas  system  to  insure  safety.  If  the  gas 
pressure  falls  below  that  of  the  atmosphere  and  air  enters,  there  is 
always  great  danger  of  a  verj^  serious  explosion. 

3  We  have  noticed  practically  the  same  condition  Mr.  Freyn 
refers  to  in  regard  to  getting,  at  times,  a  supply  of  ferro-silicon  gas, 
Spiegel  gas,  or  ferro-manganese  gas  at  the  gas  engine  in  case  a. furnace 
on  one  of  these  products  happens  to  have  its  gas  entering  the  main 
in  the  vicinity  of  the  gas-washer  intake.  At  the  Edgar  Thomson  plant 
there  are  eleven  furnaces  connected  to  one  gas  main,  but  the  different 
gases  seem  to  equalize  themselves  in  the  main  according  to  their  pres- 
sures, and  the  quality  of  gas  depends  on  where  it  is  taken  from  the 
main. 

4  All  blast-furnace  gas-engine  plants  have  had  more  or  less 
(experience  with  back-firing,  especially  when  the/  are  making  special 
grades  of  iron,  such  as  ferro-silicon,  spiegel,  etc.  The  inlet  valves  of 
the  engine  should  be  designed  so  that  where  this  occurs  for  long 
periods,  endangering  operations,  the  relative  areas  of  the  gas  and  air 
ports  can  be  changed  quickly  by  hand  while  the  engine  is  in  operation 
between  the  limits  of  1  unit  of  air  to  4  of  gas,  and  vice  versa. 

5  The  discrepancies  in  the  heat  values  are  accounted  for  by  the 
fact  that  analyses  are  made  about  every  three  hours,  while  calori- 
meter readings  are  taken  almost  continuously.  Some  time  ago  we 
had  occasion  to  make  an  average  of  168  gas  analyses  during  one  of 
our  tests  on  a  furnace  running  on  1927  lb.  of  coke  per  ton  of  iron. 
The  results  were:  CO2  =  16.33  per  cent,  CO  =  22.73  per  cent,  H  = 
1.99  per  cent,  CH4  =  0.04  per  cent,  N  =  58.91  per  cent.  The  calcu- 
lated heat  value  per  cu.  ft.  of  this  gas  at  62  deg.  fahr.  and  30  in. 
mercury  was  80.55  B.t.u.  From  approximately  the  same  number  of 
Junker  calorimeter  readings  taken  at  the  same  time  the  result  was 
75.84  B.t.u. 's  per  cu.  ft.  The  gas  from  a  blast  furnace  frequently  con- 
tains over  24  grains  of  moisture  per  cu.  ft.  When  the  analyses  are  made 
it  is  customary  to  get  the  percentage  of  the  different  constitutents  by 
volume,  excepting  the  moisture  it  contains.  When  the  gas  is  cooled 
before  making  the  determinations,  a  large  percentage  of  the  moisture 
is  condensed,  and  by  not  making  allowance  for  this  moisture  the  gas 
is  figured  as  of  slightly  higher  thermal  value  than  it  actually  is.  The 
thermal  readings  from  the  calorimeter  are  usually  considered  more 
accurate  than  those  figured  from  analyses. 

6  All  of  the  gas-washing  plants  for  gas  engines  that  have  been 
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installed  in  this  country  have  been  very  successful,  so  far  as  I  know, 
although  I  think  some  of  them  were  built  on  a  more  elaborate  scale 
than  necessary,  merely  to  be  sure  that  the  gas  would  be  thoroughly 
cleaned.  In  nearly  all  the  gas-washing  plants  I  am  familiar  with,  the 
amount  of  dirt  in  the  gas  after  washing  was  found  to  be  less  than  that 
in  the  air.  Extra  precautions  were  naturally  taken  in  designing  oui 
first  gas-washing  plants  on  account  of  the  large  percentage  of  fine 
ores  that  usually  compose  our  blast  furnace  burdens,  but  in  every 
case  the  gas  cleaning  was  found  to  be  very  thorough. 

7  Blast  furnace  gas,  like  any  other  gas,  has  a  saturation  point 
for  moisture,  depending  on  its  temperature.  If  it  is  cooled  do*vn  low 
enoLgh  it  can  only  contain  a  fixed  amount  of  moisture,  depending  on 
its  saturation  point,  except  the  moisture  which  is  mechanically  con- 
tained, and  any  such  moisture  is  very  easily  removed  with  a  few 
baffles  in  the  gas  flue.    Elaborate  dryers  are  not  usually  required. 

8  The  thermal  efficiencies  for  the  gas-engine  plant  of  approxi- 
mately 23  per  cent  are  all  that  could  be  expected  under  the  conditions. 
Higher  values  have  been  obtained  in  tests,  but  for  continuous  work 
the  plant  efficiencies  obtained  by  Mr.  Freyn  are  very  creditable. 

9  Gas  Engine  Development.  As  Mr.  Freyn  states,  the  Lacka- 
wanna Steel  Company  was  the  first  to  attempt  a  large  blast  furnace 
gas  engine  installation  in  this  country.  They  adopted  the  two-cycle 
Koerting  engine,  built  in  this  country  from  German  designs.  The 
United  States  Steel  Corporation  decided  in  1904  on  an  initial  instal- 
lation of  blast  furnace  gas  engines  at  the  Edgar  Thomson  furnaces  of 
the  Carnegie  Steel  Company,  which  was  followed  by  other  installa- 
tions. After  a  thorough  investigation  of  the  various  types  of  engines 
used  abroad  the  officials  of  this  company  decided  that  the  fcur-cycle 
gas  engine  would  be  best  adapted  for  their  use,  and  that  in  designing 
such  an  engine  the  lines  and  construction  of  the  modern  heavy-duty 
American  steam  engine  should  be  followed  as  nearly  as  possible,  as 
this  type  of  engine  had  proved  universally  successful.  They  also 
endeavored  in  the  design  of  these  gas  engines  to  eliminate  as  many 
complications  as  possible  and  to  arrange  all  parts  so  as  to  be  easily 
accessible  for  removal  and  replacement.  All  the  firms  starting  to 
build  blast  furnace  gas  engines  in  this  country  at  the  time  preferred 
the  center-crank  construction  in  place  of  the  American  side-crank 
construction  which  has  proved  itself  so  successful  and  convenient. 
It  was  decided  that  an  over-hung  crank  gas  engine  could  be  made 
strong  enough  and  that  these  engines  should  be  of  this  type.  The 
heavy  American  rolling-mill  engine  frame  was  also  insisted  upon.   The 
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Westinghouse  Machine  Company,  in  cooperation  with  the  engineers 
of  the  Carnegie  Steel  Company,  designed  our  first  engines  along  these 
lines. 

10  The  Snow  Steam  Pump  Works,  the  Allis-Chalmers  Companj', 
and  others  who  were  starting  into  the  blast  furnace  gas-engine  busi- 
ness also  realized  the  importance  of  building  along  American  lines 
and  should  be  mentioned  in  connection  with  the  development  of  a 
successful  gas  engine  suitable  for  American  blast  furnace  and  steel 
works  practice.  I  do  not  mean  to  detract  in  any  way  from  what  our 
friends  abroad  have  done  in  developing  the  gas  engine,  as  we  are  greatly 
indebted  to  them.  It  required  a  great  deal  of  courage  to  go  into  this 
business  on  such  a  large  scale,  knowing  that  these  engines  wo  aid  have 
to  prove  just  as  reliable  prime  movers  as  modern  American  steam 
engines,  which  have  been  years  in  reaching  their  present  state  of  per- 
fection. 

11  The  Carnegie  Steel  Company  had  built  a  small  tandem  gas 
engine,  21f-in.  diameter  cylinders  and  30-in.  stroke,  as  nearly  along 
the  designs  of  the  larger  units  as  possible.  This  engine  and  a  250  h.p. 
direct-current  generator  were  temporarilj^  installed  for  experimental 
purposes  at  the  Edgar  Thomson  furnaces  and  were  started  December 
9, 1905.  This  unit  was  run  continuously  under  all  kinds  of  conditions 
and  numerous  tests  were  made  on  it.  The  information  acquired  from 
this  experimental  engine  helped  in  perfecting  the  designs  of  the  larger 
units. 

12  Different  Systeyns  of  Governing.  At  that  time  it  was  a  great 
question  as  to  whether  a  gas  engine  should  be  governed  by  the  con- 
stant-mixture system  or  by  the  constant-compression  system.  The 
constant-mixture  system,  brought  to  so  much  prominence  by  Mess 
in  Germany,  consists  of  governing  the  mixture  of  air  and  gas  admitted 
to  the  cylinders  so  as  to  have  an  explosive  mixture  that  will  readily 
ignite  at  all  loads,  although  on  light  loads  the  compression  must 
necessarily  be  greatly  reduced. 

13  The  constant-compression  system  consists  in  admitting  an 
excess  of  air  into  the  cylinder  with  the  amount  of  gas  required  for 
any  particular  load,  so  that  on  light  loads  nearly  the  same  compression 
will  take  place  as  on  heavy  loads.  Efforts  were  made  to  stratify  this 
mixture  in  the  vicinity  of  the  igniters  so  that  it  would  readily  ignite 
on  light  loads.  To  effect  this  stratification  many  complications  were 
necessarily  resorted  to. 

14  A  trial  of  the  constant-compression  system  proved  that  when 
there  was  no  load  the  charge  could  not  be  depended  upon  to  burn  and 
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that  at  other  loads  the  indicator  cards  showed  a  marked  difference  in 
area  from  one  explosion  to  the  next  at  exactly  the  same  load.  The 
full-load  cards  were  the  only  ones  to  reach  the  proper  shape.  These 
conditions  are  characteristic  of  this  type  of  governing  and  are  due  to 
imperfect  combustion  at  loads  under  the  full  rated  load  of  the 
engine.  With  the  constant-mixture  system,  however,  the  cards 
were  of  proper  shape  at  all   loads,  and  of  the  same  area  for  equal 


No  Load  Card-Cci-ftant  Compression  Syste 

Fig.    1      Comparison  of  Constant-Mixture  and  Constant-Compression 
Cards  Taken  at  No  Load 

THE  TWO  LOWER  CARDS  SHOW  THE  UNCERTAINTY  OF  THE  CHARGE  BURNING  AT  NO  LOAD  WITH  THE 
CONSTANT-COMPRESSION  SYSTEM.  IN  ONE  CASE  THE  AREA  IS  NEGATIVE  AND  REPRESENTS  ONLY 
THE  COMPRESSION  LOSS  DUE  TO  A  POSSIBLE  LEAK.  WHILE  THE  OTHER  H.\S  A  POSITIVE  AREA,  THE 
COMBUSTION  IS  NOT  WELL  TIMED.  THESE  CARDS  WERE  SELECTED  AT  RANDOM  FROM  A  LARGE 
NUMBER. 

loads.  (Figs.  1,  3  and  4).  Continuous  indicator  cards  showed 
absence  of  misfiring  at  no  load  and  with  a  compression  not  over  65 
Ib.i 

15  From  the  small  experimental  engine  which  helped  to  demon- 
strate these  points,  it  was  found  that  on  light  loads  with  constant 
compression  the   charge  would  not   ignite  for  periods,  the  engine 


^Continuous  cards  were  submitted    with    tlie   discussion  whicti   tiave   not 
heon  lenroduced  for  i)uhlication.     Eimimjk. 
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would  slow  clown  slightly,  then  take  a  large  gulp  of  gas  and  air  and 
fire  for  a  short  period  and  so  on,  so  that  it  could  not  be  depended 
upon  when  light  or  extremely  variable  loads  were  being  carried. 

16  We  therefore  adopted  the  constant-mixture  system  and  have 
obtained  excellent  results.  It  may  not  be  quite  as  refined  and  econom- 
ical as  the  constant-compression  system,  but  it  is  better  suited  for  this 
class  of  work,  particularly  on  variable  loads,  although  under  some 
conditions  excellent  results  are  no  doubt  obtained  with  the  latter. 


Fig.   2      Indicator  Card   showing  Pre-Ignition,  rescltixg  in  a   Pre.s- 

SURE   of  NEARLY  500  LB.    PER   SQ.  IX. 

CARD   SHOWN  FULL  SIZE;   SCALE   OF  SPRINT,    160;    MAXIMUM  CVLINDER   PRESSURE    RECORDED. 


17  It  does  not  seem  natural,  especially  with  a  four-cycle  gas  en- 
gine, to  draw  in  a  very  lean  mixture  of  air  and  gas,  compress  it  to 
the  usual  full-load  pressure  of  200  \h.  into  a  comparativelj'  small 
volume,  and  then  expect  to  have  the  mixture  stratified  in  the 
vicinity  of  the  igniters  so  that  it  can  easily  be  exploded. 

18  Gas  Engine  Operation.  The  installation  of  gas  engines  at  the 
Edgar  Thomson  furnaces  consisted  of  two  Westinghouse  twin-tandem 
gas  blowing  engines,  38-in.  diameter  and  54-in.  stroke,  and  one  West- 
inghouse twin-tandem  unit,  -lO-in.  diameter  and  .54-in.  stroke,  for 
driving  a  1500-kw.  generator.    The  first  l)l()wing  engine  was  started 


1328 


DISCUSSION 


Fig.  3     Cards  Taken  on  the  Experimental  Engine  of  the  Carnegie 
Steel  Company,  when  operating  on  the  Constant-Mixture  System. 

THESE  ARE  TO  BE  COifPARED  WITH  THE  CONSTANT  COMPRESSION  CARDS  SHOWN  IN  FIG.  4.  In 
BOTH  SERIES  THE  LOADS  WERE  MAINTAINED  CONSTANT  AT  THE  DIFFERENT  PERIODS.  IT  WILL  BE 
NOTED  THAT  THE  AREAS  OF  THE  CONSTANT-COMPRESSION  CARDS  VARY  FROM  ONE  EXPLOSION  TO 
ANOTHER  AND  THAT  THOSE  TAKEN  AT  FULL  LOAD  WERE  THE  FIRST  TO  REACH  THE  PROPER 
SHAPE.  THIS  IS  DUE  TO  THE  IMPERFECT  COMBUSTION  AT  ALL  LOADS  UNDER  THE  FULL  OR  BATED 
LOAD,    A    CHARACTERISTIC   OF   THIS  SYSTEM    OF   GOVERNING 
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Cards  at  Full  Load 


Fig 


4    Cards    from    the   Experimental    Engine    taken  on   the    Con- 
stant-Compression System. 
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on  December  7,  190(3,  aiitl  the  others  folloAved  soon  afterwards.  From 
the  operation  of  these  engines  and  from  many  others  that  have  since 
l)een  installed,  much  valuable  information  was  acquired  and  many 
improvements  in  design  have  followed.  All  the  difficulties  encountered 
since  the  starting  of  this  plant  have  been  met  and  overcome  and  in 
1909,  No.  1  blowing  engine  ran  8241  hours  out  of  8760,  or  94  per  cent 
of  the  time;  No.  2  blowing  engine  ran  8186  hours  out  of  8760,  or  93.5 
per  cent  of  the  time;  and  No.  1  electric  engine  ran  7075  hours  out  of 
8760,  or  81  per  cent  of  the  time.  I  would  consider  these  records  very 
good  even  for  the  best  type  of  steam  engines. 

19  Lubrication .  Great  care  should  be  exercised  in  selecting  proper 
gas-engine  cylinder  oil  and  the  oil  used  should  be  carefully  tested. 
An  oil  showing  the  following  analysis  has  been  found  to  be  very 
satisfactory  ; 

Specific  viscosity  (compared  to  water)  .    4.10 

Flash  point,  deg.  fahr 530 

Burning  point,  deg.  fahr 600 

Deg.  Baume  (Sp.  Gr.  0.880) 28 

20  An  important  test  can  be  made  by  filtering  oil  through  filter 
paper,  to  see  if  there  is  any  carbon  deposit  in  the  oil.  This  is  often 
due  to  the  temperature  of  distillation  being  too  high,  or  to  the  distil- 
lation being  carried  too  far,  or  to  the  imperfect  filtration  of  oils  that 
have  been  heated  too  high.  Such  oils  will  frequently  break  up  and 
deposit  carbon,  rendering  the  oil  utterly  unsuitable  for  gas  engine 
use.  It  is  unnecessary  to  say  that  a  paraffin  base  oil  should  be  used 
and  never  one  with  a  tar  base. 

21  Our  method  of  oiling  cylinders  is  to  pamp  the  oil  in  when  the 
crank  is  50  deg.  early  of  the  forward  center-line  on  the  suction  stroke. 
There  are  two  oil  holes  on  each  end  of  each  cylinder,  30  deg.  on  each 
side  of  the  centre.  With  this  arrangement  the  oil  runs  down  the  cyl- 
inder walls  and  is  wiped  over  by  the  piston. 

22  Ignition  Systems.  Mechanical  make-and-break  and  electrical 
make-and-break  ignition  systems  are  used  and  both  work  very  satis- 
factorily, but  as  much  care  as  possible  should  be  taken  to  make  an 
even  distribution  of  the  igniters  around  the  cylinders. 

23  Indicator  cards  taken  with  one,  two  and  three  igniters  working 
show  plainly  the  better  efficiency  obtained  with  three  igniters  in 
o]5eration.  With  blast-furnace  gas  it  takes  time  for  an  explosion  to 
propagate.  This  is  plainly  shown  by  our  being  compelled  to  have  the 
igniters  fire  from  30  to  35  deg.  befor(^  the  crank  ])in  ])asses  its  centre. 
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If  the  igniters  are  all  on  top  of  the  cylinder,  or  all  on  the  sides  or  bot- 
tom, most  of  the  wear  is  on  these  points,  due  to  the  explosion  pressure 
getting  under  the  rings  sooner  and  being  greater  at  these  points. 

24  Gas  Engine  Conditions.  As  is  well  known,  the  very  high  explo- 
sive pressure  at  the  beginning  of  the  piston  stroke  subjects  the  pistons 
and  ends  of  the  cylinders  and  cylinder  heads  to  severe  pressure  and 
temperature  conditions,  requiring  them  to  be  carefully  water  jacketed 
and  designed  to  take  care  of  expansion.  A  blast  furnace  gas  engine, 
even  with  these  high  explosive  pressures,  rarely  averages  over  65  lb. 
m.e.p.  in  the  cyhnders. 

25  In  Fig.  2  is  an  indicator  card  showing  preignition.  The  pres- 
sure is  nearly  500  lb.  per  sq.  in.  and  in  some  cases  these  preignition 
pressures  might  be  higher.  With  a  44-in.  diameter  piston  it  can  be 
seen  that  while  the  explosive  pressure  continuously  transmitted 
through  the  working  parts  of  the  engine  is  always  large,  an  additional 
pressure  of  1,000,000  lb.  may  suddenly  be  put  on  the  crank  pins  by 
preignition.  This  is  why  many  difficulties  such  as  cracked  pistons, 
heads  and  cyhnders,  lubrication  troubles,  etc.,  have  been  encoun- 
tered, especially  on  the  larger  size  gas  engines.  These  difficulties, 
however,  are  all  being  overcome  and  high-class  gas  engines  of  large 
power  have  been  the  result. 

26  Gas  Engine  Cylinders,  Pistons  and  Heads.  The  proper  water 
cooling  of  cylinders,  pistons  and  heads  is  very  important,  especially 
for  large  engines.  The  cylinders  should  have  ample  water  jacket  space 
between  the  main  cylinder  and  the  outer  water  jacket  should  be  well 
fitted  with  hand  holes  so  that  mud  deposits  can  be  thoroughly 
cleaned  out. 

27  Fig.  5  shows  the  design  of  a  cast-steel  gas-engine  cylinder. 
It  has  been  the  ahn  to  make  this  as  simple  a  casting  as  possible.  The 
ends  next  to  the  explosion  were  cast  down  so  as  to  get  the  best  mate- 
rial in  that  part  of  the  cylinder.  It  has  usually  been  the  practice  to 
make  these  cylinders  of  cast  iron  and  with  this  construction  large 
cylinders  required  walls  approximately  4|  in.  thick  to  resist  the  heavy 
explosive  pressures.  The  cylinder  shown  is  of  cast  steel,  bushed 
with  a  1-in.  cast-iron  bushing,  arranged  so  as  to  be  free  to  expand 
lengthwise.    This  bushing  can  also  be  easily  removed  and  replaced. 
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28  The  cast-steel  cylinder  construction  permits  us  to  decrease  the 
thickness  of  the  cylinder  walls  without  decreasing  the  strength  through 
the  cylinder.  By  this  means  the  water  cooling  can  penetrate  much 
closer  to  the  hot  cylinder  walls,  thus  drawing  the  heat  from  these 
vital  parts  and  preventing  fatigue  of  the  metal  at  each  end  of  the  cylin- 
der where  the  heavy  explosions  take  place.  This  fatigue  of  the  cylin- 
der metal  is  still  more  pronounced  on  gas  engines  operating  on  some 
of  the  richer  gases. 

29  There  have  been  some  difficulties  due  to  the  cracking  of  gas- 
engine  pistons  and  cyhnder  heads,  but  usually  these  have  been  caused 
by  omitting  to  make  the  proper  provisions  for  the  increased  strains 
and  temperature  conditions  which  they  are  required  to  stand.  In 
most  cases  the  pistons  and  heads  are  now  made  from  cast  steel  for 
the  larger  size  gas  engines,  which  permits  lighter  walls  and  much 
more  effective  water  cooUng. 

30  In  all  cases  the  weight  of  pistons  and  rods  of  gas  engines 
should  be  carried  on  the  crosshead  and  slippers.  The  pistons  should 
have  at  least  ^-in.  clearance  all  around  the  bore  of  the  cylinder,  thus 
leaving  only  the  friction  of  the  piston  rings  on  the  cylinder.  These 
rings  should  be  fairly  wide  and  deep  and  held  in  place  by  good  strong 
springs  and  keepers. 

31  Since  our  engines  have  been  in  operation  there  has  been  only 
one  case  where  we  have  cut  a  cylinder,  and  this  was  due  to  a  water 
leak. 

Joseph  Morgan.  The  Cambria  Steel  Company  has  made  a  small 
beginning  with  one  gas  engine  to  determine  the  best  way  of  purifying 
the  gas  and  also  to  determine  a  good  type  of  blowing  engine.  There 
is  always  an  experience  account  in  operating  plants,  which  commenced 
with  us  when  we  blew  in  our  No.  7  blast  furnace.  On  the  design  of 
an  engineer  of  large  experience,  we  had  provided  two  down-comers  for 
the  furnace,  each  with  a  large  dust-catcher.  These  dust-catchers 
were  of  the  usual  shape,  about  22  ft.  in  diameter  in  the  cylindrical 
part,  with  a  cone  top  and  bottom  and  a  fairly  large  cubic  capacity. 
The  down-comer  originally  entered  radially  into  the  cylindrical  part 
pointing  downward,  at  about  the  same  angle  as  the  bottom  cone.  The 
gas  to  boilers  and  stoves  was  taken  off  at  the  top  of  the  upper  cone, 
and  we  rehed  on  the  large  capacity  of  the  two  dust-catchers  to  allow  a 
settlement  of  the  heavy  dust  to  the  bottom  of  the  cone,  but  somewhat 
to  our  surprise  we  got  very  little  dust  from  the  dust  discharge  openings 
and  very  great  quantities  of  dust  in  the  stoves  and  boiler  chambers. 
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The  cause  was  the  action  of  the  heavy  volume  of  gas  entering  the 
chamber  which,  being  directed  to  the  center  and  downward,  kept  the 
dirt  stirred  ap  from  the  bottom  cone  and  allowed  no  settlement.  At 
the  first  stoppage  of  the  furnace  we  changed  the  entrance  of  the  down- 
comers  to  a  tangential  connection  in  a  nearly  horizontal  direction 
into  the  upper  part  of  the  cylinder,  with  the  result  that  the  dust  caught 
was  largely  increased.  We  also  added  brick  cross-walls  on  the  bottom 
cone,  so  that  the  discharge  opening  was  not  closed, but  which  prevented 
a  current  of  gas  in  the  bottom  cone  from  Stirling  up  the  dust.  The  dust 
t  hat  came  do  wn  into  the  bottom  cone  was  caught  in  this  lower  chamber. 
This  detail  added  to  the  efficiency  of  the  dry  dust-catcher.  The 
resulting  increase  of  efficiency  was  a  valuable  lesson  on  the  effect  of 
centrifugal  force  in  separating  dust,  and  the  necessity  of  keeping  the 
gas  currents  from  stirring  it  ap  again.  In  recent  improvements  on 
several  furnaces  we  have  also  added  in  series  with  and  also  following 
the  first  dust-catchers,  a  horizontal  dust  separator  in  which  the  prin- 
ciple of  dry  centrifugal  separation  is  made  use  of.  We  have  this 
apparatus  at  work  on  two  furnaces,  one  of  which  supplies  our  gas 
engine. 

2  This  horizontal  separator  contains  a  helical  gas-passage  through 
which  the  gas  flows.  Each  turn  of  the  helix  has  at  its  bottom  a  dust- 
trap  so  that  the  dust  carried  by  the  centrifugal  force  to  the  outside 
of  the  helix  goes  tangentially  into  the  traps  from  which  it  is  drawn 
when  necessary.  This  helical  separator  traps  about  ten  to  fifteen 
tons  daily  in  addition  to  that  stopped  by  the  large  dust-catchers  and 
takes  out  about  70%  of  the  dust  remaining  in  the  gas  afler  leaving 
the  first  dust-catcher.  The  indications  are  that  five  or  six  helical 
turns  are  sufficient. 

3  This  completes  the  dry  separation,  which  in  our  plant  it  is 
desirable  for  reasons  of  cost  to  make  as  complete  as  possible  without 
the  use  of  water,  as  the  dust  runs  freely  from  dust-pockets  when  dry 
and  is  therefore  handled  more  cheaply.  In  our  earlier  experience  we 
tried  several  types  of  wet  separators  near  the  furnace,  but  the  great 
volume  of  wet  dust  added  largely  to  the  cost  of  handling.  We  beheve 
the  large  quantity  of  very  heavy  dust  should  be  taken  out  as  far  as 
possible  l)y  dry  separation,  and  that  water  should  be  used  after  the 
gas  has  somewhat  cooled  by  radiation.  This  lessens  the  quantity  of 
water  necessary  for  final  cooling  and  is  another  economy. 

4  From  this  separator  the  gas  is  taken  direct  to  the  stoves  and 
boilers,  but  for  the  experimental  gas  engine  we  have  installed  a  pair 
of  Schwartz  revolving  centrifugal  washers,  somewhat  similar  to  the 
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Theiseii,  which  are  used  in  series.  Tiie  water  conies  out  from  the 
first  very  muddy,  while  from  the  second  it  is  very  limpid,  showing 
that  the  former  takes  out  most  of  the  dirt,  and  the  latter  perfects  the 
operation.  This  is  perhaps  a  temporary  arrangement,  as  we  have  no 
static  cleaners  other  than  the  dry  dust-catchers  or  cleaners  already' 
described. 

5  The  engine  under  trial  at  our  furnace  is  a  double,  horizontal, 
tandem  gas-engine  with  four  gas  and  two  blast  cylinders,  built  by 
the  Southwark  Foundry  Company  of  Philadelphia.  It  is  novel  in 
several  details,  all  of  which  have  proved  of  value  on  trial,  as  adding 
to  the  speed  of  running  and  the  ease  of  manipulation.  The  blowing 
cylinders  are  fitted  with  gridiron  slide  valves  of  the  well-known 
Southwark  type  for  inlet  and  outlet  of  blast.  All  the  valves  for  both 
air  and  gas  cylinders  are  actuated  by  the  straight-bar  reciprocating 
cam  of  Southwark  type,  which  allows  great  facility  for  adjustment  of 
the  cam  not  found  in  arrangements  of  those  on  rotary  shafts.  The 
engine  can  easily  be  run  at  70  revolutions,  a  much  greater  speed 
than  is  attainable  with  ordinary  blast  v^alves.  This  lessens  the  cost 
of  engine  installation  or  increases  the  quantity  of  available  air  from 
a  cylinder. 

6  In  addition,  there  is  a  tripping  device  by  which  the  blast  inlet 
valves  at  one  or  more  of  the  four  ends  of  the  blowing  cylinders  may 
be  put  out  of  action  and  left  open,  thus  partly  or  wholly  unloading 
the  engine  in  starting  up  or  when  the  furnace  needs  less  blast  or  even 
none.  This  greatly  facilitates  the  starting  and  manceuvering  of  the 
engine,  as  it  need  not  be  started  under  load  or  be  stopped  at  casting 
times  or  to  slacken  blast. 

7  The  other  departure  from  former  designs  is  in  the  gas-entrance 
and  exhaust  valves.  The  gas  cut-off  valves  located  on  top  of  the  cylin- 
ders are  tripped  by  the  action  of  magnets,  the  current  for  operating 
which  is  timed  by  the  governor  action.  The  exhaust  valves  are  located 
so  that  they  are  very  conveniently  accessible,  being  at  the  side  of  the 
cylinder  and  above  the  floor  instead  of  under  the  floor,  as  in  many 
gas  engines  heretofore  built.  This  has  been  found  good  practice  and 
there  are  no  difficulties  arising  from  this  unusual  location.  Hereto- 
fore it  has  been  supposed  that  particles  of  dirt  would  be  more  effi- 
ciently swept  out  of  the  gas  cylinder  if  the  exhaust  opening  were 
directly  under  the  lowest  part  of  the  cylinder,  in  which  case  the 
exhaust  valves  are  not  easily  accessible. 

8  The  very  full  and  complete  paper  of  Mr.  Freyn,  with  its  volu- 
minous report  of  working  results,  is  an  admirable  and  valuable  addi- 
tion to  the  literature  of  blast-furnace  gas  engines. 
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H.  G.  Stott.  The  problem  of  tlie  cleaning  of  gas  is  similar  to 
that  of  removing  the  moisture  from  steam.  At  the  59th  Street  Sta- 
tion of  the  Interborough  Rapid  Transit  Company  we  first  used  an 
elaborate  system  of  separators  between  the  engine  and  the  low-pres- 
sure turbine.  The  separator  contained  a  series  of  baffles,  each  of 
which  was  supposed  to  take  care  of  a  certain  amount  of  moisture. 
These  baffles  became  loose  and  in  order  to  keep  the  machine  in  opera- 
tion we  removed  them.  The  result  was  an  increase  cf  4  per  cent  in 
the  efficiency  of  the  separator.  A  new  separator  was  designed  so  as  to 
cause  a  sudden  reduction  in  the  velocity  of  the  steam  and  we  obtained 
a  quality  of  97  per  cent.  I  believe  the  same  principle  applies  to  the 
elimination  of  dust  from  gas  and  that  the  real  separation  is  effected 
by  the  sudden  reduction  of  velocity. 

2  I  found  from  tests  on  the  combined  unit  of  reciprocating  engines 
and  steam  motors  that  the  thermal  efficiency  works  out  almost 
identical  with  Mr.  Freyn's  results,  a  little  over  21%,  the  load 
ranging  from  7000  to  15,000  kw.  Any  steam  motor  has  the  important 
advantage  over  the  gas  engine  that  it  gives  a  wide  range  of  operation 
with  an  efficiency  curve  that  is  almost  flat.  The  burning  of  gas  under 
boilers  is  a  very  much  more  efficient  operation  than  the  burning  of  coal 
and  quite  remarkable  results  have  been  obtained  with  gas-fired  boilers. 
It  would  be  interesting  to  note  the  results  of  so  using  the  blast  fur- 
nace gas  and  supplying  the  steam  to  the  combined  engine  and  turbine 
unit. 

Edward  A.  Uehling.  One  of  the  most  important  parts  of  Mr. 
Freyn's  paper  deals  with  the  cleaning  of  gas,  a  phase  in  blast  furnace 
construction  and  operation  that  has  been  most  sadly  neglected  in  the 
paso  and  even  to-day  is  not  fully  appreciated  except  where  the  gas  is 
to  be  utilized  in  the  gas  engine.  But  because  of  the  dirt  carried  into 
the  stoves  by  the  gas  their  efficiency  is  greatly  reduced,  and  to  make 
up  the  deficiency  in  blast  temperature  a  fourth  and  not  infrequently 
a  fifth  stove  has  been  added. 

2  The  cost  of  the  additional  stoves  wo  ild  have  been  more  profit- 
ably expended  in  efficient  gas-cleaning  apparatus,  because  better 
results  could  be  obtained  from  three  stoves  supplied  with  clean  gas 
than  from  four  or  even  five  stoves  nmcked  up  by  dirty  gas.  There  are 
few  stoves  in  existence  in  this  country  to-day  whose  heating  surface, 
and  consequently  heating  capacity,  could  not  be  quadrupled,  if 
thoroughly  cleaned  gas  was  available.  This  also  holds  for  the  boilers 
connected  with  blast  furnace  plants;  in  most  cases  their  output  could 
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be  very  much  increased  and  their  efficiency  doubled  if  served  with 
clean  gas. 

3  It  is  worse  than  useless  to  line  gas  mains  and  a  great  deal  of 
money  could  be  saved,  not  only  in  refractory  material,  but  also  in 
the  metal  parts  of  the  main  and  their  supports.  There  is  no  excuse 
for  the  gas  coming  off  from  the  furnace  at  a  temperature  so  high  that 
it  will  injure  an  unlined  gas  main.  By  applying  water,  preferably  to 
the  stock  as  it  is  charged  into  the  furnace,  the  gas  temperature  can 
always  be  kept  below  400  deg. 

4.  I  have  been  one  of  the  advocates  of  the  blast  furnace  gas 
engine  for  a  great  many  years.  Before  anything  had  been  done 
along  this  line  T  calculated  that  there  was  800  h.p.  available  above 
the  needs  of  the  plant  for  every  ton  of  iron  produced  in  24  hours. 
Mr.  Freyn  has  actually  obtained  about  600  h.p.,  showing  that 
better  results  may  yet  be  obtained. 

5.  K.  Varnes^  American  practice  in  blast  furnace  gas  cleaning 
has  simmered  down  to  the  three-phase  process.  The  gas  is  first  passed 
through  dry  preliminary  cleaners,  then  through  stationary  wet  scrub- 
bers, and  finally  through  rotary  wet  scrubbers.  The  gas  is  used  for 
two  purposes:  it  is  burned  in  stoves  and  boilers  or  used  directly  in 
gas  engines.  Each  of  these  uses  requires  gas  of  different  characteris- 
tics. It  has  been  found  in  German  and  American  practice  that  gas 
containing  from  0.15  to  0.20  grains  per  cu.  ft.  is  sufficiently  clean 
for  boilers  and  stoves  and  it  has  been  reported  that  dirty  stoves  can 
be  cleaned  by  the  use  of  such  gas.  For  gas  engines,  however,  one-tenth 
of  this  amount  is  all  that  is  permissible. 

2  In  a  number  of  cases  it  has  been  found  that  one  centrifugal 
dust  catcher  removes  85  %  of  the  dust  which  msiy  be  caught  by 
the  dry  method  and  a  second  one  is  practically  a  waste  of  money. 

3  Most  of  the  secondary  cleaning  in  the  United  States  is  done  by 
a  series  of  different  types  of  washers,  although  at  Steelton  the  secon- 
dary stage  has  been  reduced  to  a  single  piece  of  apparatus.  It  is 
the  secondary  or  stationary  wet  scrubber  stage  that  I  wish  to  mention 
especially. 

4  I  believe  the  first  blast  furnace  gas  engine  to  be  operated  in 
America  was  that  at  Steelton,  a  Westinghouse  vertical  engine,  using 
a  coke-filled  scrubber  to  clean  the  gas.  The  enormous  quantity  of 
dirt  promptly  filled  "the   scrubber,    and  the  difficulties  with  engine 
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operation  were  similar  to  those  experienced  at  Lackawanna,  due  to 
lack  of  cleaning. 

5  The  most  recent  development  of  the  scrubber  may  be  said  to  be 
the  Zschocke  washer,  built  originally  in  Germany  and,  with  modifica- 
tions, much  used  in  the  United  States.  The  primary  washers  described 
b}^  Mr.  Freyn  are  of  this  type.  It  is  a  type  of  scrubber  in  which  an 
attempt  is  made  to  limit  by  the  mechanical  design  the  exact  relation 
between  the  voids  of  the  scrubber  and  the  solid  matter,  consequently 
fixing  the  relation  between  the  water  contact  surface  and  the  area  of 
the  gas  passages. 

6  It  would  seem,  however,  to  be  a  waste  of  money  to  build  a  tower 
of  a  certain  size  and  then  partially  fill  it  with  solid  materials,  thereby 
increasing  the  velocit}'-  of  the  gas  through  the  tower  and  decreasing 
the  time  allowed  for  cleaning.  If  it  were  possible  to  present  the  same 
water  contact  surface  and  accomplish  the  same  mixture  of  gas  and 
water,  and  still  maintain  the  full  area  of  the"  tower,  or  very  nearly  so, 
it  would  be  an  advantage.  This  result  is  obtained  by  the  sprinkling 
type  of  tower  in  which  the  grids  or  hurdles  are  eliminated  and  the 
Water  is  caused  to  descend  through  the  tower  in  drops.  Of  prime 
importance  in  this  type  of  tower,  however,  is  the  uniform  'distribution 
of  water  and  the  breaking  up  of  the  water  into  sufficiently  small  parti- 
cles. In  case  a  particle  of  dust  be  brought  into  contact  with  a  film 
of  water,  as  in  the  Zschocke  washer,  if  the  dust  particle  is  sufficiently 
small  it  may  not  be  able  to  pierce  the  water  film,  due  to  the  resistance 
of  the  surface  tension  of  the  water.  Consequently,  if  the  size  of  the 
drops  of  water  be  reduced  to  a  pjint  where  they  become  much  smaller 
than  the  size  of  the  dust  particles,  the  water  particles  will  envelop 
the  dust  particles,  weight  them  down  and  carry  them  downward  by 
entraining  acton,  depending  on  the  increased  density  of  the  dust 
particles  with  the  film  of  water.  The  question  of  attaining  this 
theoretical  condition  has  been  a  difficult  one. 

7  The  Mullen  washer  and  the  Moyer  washer,  which  is  a  modifica- 
tion of  the  Mullen  washer,  are  known  as  impinging  types  of  washers. 
The  gas  comes  into  the  top  of  the  chamber,  passes  down  through  tubes, 
impinges  upon  a  water  surface,  and  then  goes  off  in  a  reverse  direc- 
tion. The  efficiency  of  such  an  apparatus  as  a  gas  cleaner,  so  far 
as  dust  is  concerned,  has  been  found  to  be  very  good,  but  the  gas  is 
not  cooled  in  its  passage  through  this  scrubber,  and  frequently  leaves 
at  a  temperature  of  about  300  deg.  Gas  at  300  deg.  can  contain 
about  two  hundred  and  sixty  grains  of  Avater  per  cubic  foot,  and 
gas  at  the  ordinary  atmospheric  tempci-atm-e  can  contain  only  five 
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to  seven  grains  per  cubic  foot,  depending  on  the  temperature.  When 
this  entrained'moisture  is  carried  into  the  stoves  and  boilers,  it  must 
be  evaporated  except  for  that  which  has  been  condensed  on  the  way 
over.  The  loss  is  very  material,  and  I  know  of  one  plant  using  a 
changed  form  of  the  Mullen  washer  that  has  abandoned  its  use  in 
the  original  form  because  of  the  increase  in  the  moisture  content  of 
the  gas.  If  it  were  possible  to  cool  the  gas  after  the  impinging  action, 
it  would  be  a  very  efficient  type  of  scrubber. 

8  The  plant  of  the  Penna.  Steel  Co.  consists  of  a  single  type  of 
apparatus  for  each  of  the  three  stages.  For  the  first  stage  a  centrifu- 
gal dust  catcher  is  used;  for  the  second,  two  similar  sprinkling-type 
wet  scrubbers;  for  the  third,  two  similar  rotary  wet  scrubbers.  The 
plan  of  the  cleaning  plant  is  shown  in  Fig.  1 .  The  gas  travels  from 
A,  the  downcomer  from  No.  3  furnace,  into  B,  the  centrifugal  dry 
dust  catcher,  out  through  gas  mains  C  and  D  to  inlet  pipes  E  and  G 
of  wet  scrubbers  Nos.  1  and  2  respectively.  Leaving  these  scrub- 
bing towers  the  gas  may  be  taken  off  at  one  side  through  H  to  the 
rotary  scrubbers  or  through  F  and  L  to  the  gas  main  M  supplying 
stoves  and  boiLrs.  An  alternative  course  is  provided  from  E  through 
wet  scrubber  No.  1,  out  at  F,  thence  to  G,  and  through  scrubber 
No.  2  to  H  or  to  L.  The  wet  scrubbing  plant  maybe  by-passed  to  get 
gas  to  the  stoves  and  boilers.  The  valves  V  are  all  water  sealed.  It 
is  seen  that  the  wet  scrubbers  may  be  operated  in  parallel  (as  originally 
intended)  or  in  series  if  found  necessary. 

9  The  scrubbing  towers  are  each  25  ft.  in  diameter  by  60  ft. 
high.  The  elevation  is  shown  in  Fig.  2.  Gas  enters  through  the  brick- 
lined  flue  A,  impinges  upon  the  water  seal  surface  B,  passe  >  up  through 
the  tower  C,  meeting  there  the  rain  descending  from  the  distributor 
above  and  leaves  at  D  or  at  E.  The  gas  flues  are  brick  lined  as  far 
as  the  towers,  and  the  dry  dust-catcher  is  brick  lined  except  for  some 
cast-iron  wearing  plates,  in  order  that  the  gas  may  arrive  at  the  tower 
as  hot  as  possible.  The  hot  gas  immediately  upon  impinging  upon  the 
water  seal  gives  up  a  portion  of  its  heat  in  evaporating  water  which 
is  quickly  condensed  by  the  rain  from  above.  When  this  evaporated 
water  is  condensed  from  a  gas  to  a  liquid  it  necessarily  passes  through 
a  state  when  the  water  particles  are  smaller  than  the  dust  particles 
carried  by  the  gas  and  will  attach  themselves  to  the  dust  particles 
in  condensing,  thoroughly  wetting  them  and  weighing  them  down. 
In  this  condition  they  ar(^  readily  washed  out  by  the  rain  through 
which  they  are  compelled  to  pass  in  ascending  the  tower.  The  dis- 
tributor used  in  this  tower  for  distributing  water  (Fig.  3)  has  been  the 


1340 


DISCUSSION 


subject  of  a  great  deal  of  study  and  experimentation,  and  consists 
of  a  steel  shaft  A,  extending  through  the  top  of  the  tower,  with  a  bear- 
ing F  on  the  outside,  carrying  at  its  lower  end  a  wheel,  the  frame 


Fig.  1    Preliminary  Gas  Cleaning  Plant 


being  of  pipe  work,  and  on  the  horizontal  top  surface  C  a  screen  of 
about  one  quarter  inch  mesh  wire.  This  screen  is  rotated,  water  is 
brought  in  at  the  top  through  the  nozzles  D,  bent  at  an  angle  of  90 
deg.,  so  that  the  water  strikes  the  screen  tangentially,  at  an  angle 
to  a  radius,  and  opposite  to  the  direction  of  rotation.  This  arrange- 
ment gives  a  practically  uniform  distribution. 
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10  Some  of  the  advantages  of  this  distributor  are  that  there  is  no 
resistance  to  the  passage  of  the  gas  from  the  bottom  of  the  tower  to 
the  top,  there  being  no  obstruction  whatever.  It  is  possible  by  means 
of  manholes  to  get  at  this  single  screen  and  clean  it  in  case  of  obstruc- 


FiG.  2    Scrubbing  Towers 


tion.  The  water  nozzles  are  all  connected  to  a  manifold  on  top  of  the 
tower  and  are  readily  removable  from  the  outside  for  cleaning  in  case 
of  clogging.  The  water  is  carried  to  this  manifold  at  about  one 
p3und  pressure,  just  enough  to  lift  it  to  the  top  of  the  tower.  When 
the  gas  leaves  the  tower  it  is  hoped  to  have  it  sufficiently  clean  to  go 
to  the  stoves  and  boilers.  It  has  been  found  in  one  scrubber  tower  that 
was  built  with  a  distributor,  not  of  this  tjrpe,  but  giving  practical 
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uniform  distribution,  that  the  gas  was  sufficiently  clean  for  stoves  and 
boilers  in  one  operation,  and  we  feel  that  we  will  be  able  to  do  the 
same  thing.  There  is  no  resistance  to  the  passage  of  the  gas  through 
the  scrubber,  and  it  should  not  be  necessary  to  put  in  fans  to  force  the 
gas  to  the  stoves  and  boilers. 

11  The  gas  from  H  goes  to  the  secondary  washers.  For  this 
operation  I  think  there  is  no  doubt  that  the  Theisen  washer  will 
solve  the  problem  very  successfully. 

H.  G.  H.  Tare.'  During  a  recent  trip  to  Germany  I  visited  some 
of  the  larger  iron  works  and  was  interested  in  observing  the  differ- 
ences that  exists  in  their  method  of  preliminary  gas  cleaning.  It  is 
probable  that  this  arises  from  the  difference  in  ores  and  materials 
treated,  as  much  as  from  the  opinions  of  engineers  as  to  the  best 
methods.  For  final  cleaning,  however,  the  Theisen  washer  is  quite 
extensively  used.  I  was  told  in  England,  as  well  as  in  Germany,  that 
gas  was  being  delivered  to  the  engines  through  these  washers  in  a 
higher  state  of  purity  than  existed  in  the  air,  and  this  seems  to  have 
been  born  out  by  experiences  in  this  countr3^  There  is  a  very  great 
probability  that  the  time  is  not  far  distant  when  the  air  will  be  washed, 
as  well  as  the  gas. 

2  This  leads  to  the  thought  that  this  method  may  be  adopted 
for  cleaning  the  air  entering  churches,  hospitals,  theaters  and  wherever 
there  are  large  assemblies  of  people. 

Edward  Rathbun.  Probably  the  most  serious  thing  we  have  to 
consider  as  engine  builders  regarding  producer  gas  engines  is  the 
question  of  gas  cleaning,  or  to  be  exact,  the  cylinder  wear,  and  in 
conjunction  with  the  valuable  information  contained  in  Mr.  Freyn's 
paper,  I  would  very  much  like  to  see  some  data  regarding  the  relative 
wear  of  the  engine  cylinders  as  the  various  cleaning  processes  were 
developed. 

Jesse  M.  Smith.  When  I  was  building  blast  furnaces  in  Central 
Ohio,  prior  to  1880,  we  were  smelting  native  ore  with  raw  bituminous 
coal  containing  a  tremendous  amount  of  dust,  which  not  only  stopped 
up  the  flues  but  also  the  space  below  the  boilers  and  in  the  ovens. 
To  remove  this  difficulty  we  discharged  the  dust  vertically  downward 
from  the  blast  furnaces  into  a  cylindrical  chamber  12  ft.  in  diameter 
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and  water-sealed  at  the  bottom.  This  chamber  was  several  times 
larger  than  the  down-comer.  The  gas  ladened  with  dust  came  down 
against  the  water  and  the  major  part  of  the  dust  was  caught,  to  be 
removed  through  the  water  seal.  This  apparatus  worked  admirably 
and  after  its  installation  we  were  not  troubled  with  dust  in  flues, 
under  the  boilers  or  in  the  stoves. 

2  I  have  found  in  this  connection,  as  well  as  in  the  cyclone  dust 
catchers  used  in  flour  mills,  where  the  centrifugal  motion  is  used, 
that  final  separation  of  fine  dust  from  air  or  gas  must  take  place, 
as  Mr.  Stott  has  said,  by  sudden  reduction  of  the  velocity  so  that 
the  gas  has  an  opportunity  to  deposit  its  heavy  portions  on  a  surface 
that  will  catch  and  hold  them. 

Charles  Whiting  Baker.  To  obtain  clean  gas  for  engines,  the 
use  of  a  water  spray  results  in  great  reduction  of  temperature.  It  is 
also  possible  that  in  modern  practice  where  very  fine  ores  are  used, 
it  may  be  necessary  to  employ  water  for  cleaning  the  gas  to  be  used 
under  stoves  and  furnaces.  The  300  to  400  deg.  of  heat  lost  in  the 
cleaning  process  would  be  worth  while  saving  if  we  could  discover  some 
means  of  dry  cleaning  the  gas.  It  is  entirely  possible  that  by  using 
the  dynamic  process  or  the  type  of  cleaning  used  in  flour  mills  the 
gas  might  be  dry  cleaned  and  delivered  to  the  stoves  and  furnaces 
at  its  original  temperature. 

E.  P.  Coleman.  As  stated  in  Appendix  No.  5,  contributed 
by  Mr.  Bacon,  certain  liberties  were  taken  in  the  design  of 
the  60-in,  Veiituri  meter,  in  that  the  junction  between  elements  of 
the  upstream  cone  and  the  cylindrical  throat  is  angular,  not  being 
formed  by  means  of  an  easy  curve  as  is  usual.  By  referring  to  Fig. 
236,  it  will  be  further  observed  that  the  distance  from  this  angular 
junction  to  the  yu-iii-  holes  communicating  with  the  angular  pressure- 
chamber  is  relatively  small.  The  coefficient  of  0.91  for  this  meter  as 
determined  by  means  of  the  gas-holder,  is  in  all  probability  correct, 
but  it  is  believed  that,  if  the  junction  had  been  rounded,  or  the  A- 
in.  holes  situated  farther  down  streaai  from  the  angular  junction,  or 
both,  that  the  coefficient  would  have  been  greater.  In  addition 
to  the  probable  eddy  loss  noted  by  Mr.  Bacon,  it  seems  probable  that 
a  contraction  of  the  stream  also  occurs  at  a  point  in  the  stream  oppo- 
site these  holes.  Each  of  these  conditions,  if  existing,  will  lower  the 
coefficient.  By  rounding  the  junction  the  eddy  loss  is  reduced;  and 
by  locating  the  pressure  holes  at  a  section  of  the  throat  which  is  filled 
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by  the  stream,  the  pressure  difference  should  more  closely  approxi- 
mate the  ideal. 

2  Considering  the  extraordinary  facilities  provided  by  the  100,000- 
cu.  ft.  gas-holder  for  accurately  determining  such  coefficients,  it  seems 
unfortunate  that  commercial  reasons  were  allowed  to  affect  the  design. 
The  writer  believes  that  a  Venturi  meter  of  6-in.  diameter  or  more,  and 
of  the  best  design  and  construction,  will  show  a  coefficient  greater  than 
99%  with  usual  gas  velocities. 

A.  Bement.  While  the  successful  outcome  of  the  plant  described 
by  Mr.  Freyn  is  cause  for  congratulation,  it  is  probably  correct  to  say 
that  if  the  application  of  the  gas  engine  in  connection  with  blast  fur- 
naces had  been  delayed  much  longer  it  might  have  found  very  strong 
competition  in  the  gas-fired  boiler  supplying  steam  to  turbines  di- 
rect-cormected  to*^  electric  generators  and  to  blast  furnace  blowing 
engines. 

2  Relative  to  safety  devices,  the  writer  believes  their  use  in  all 
possible  cases  to  be  desirable,  and  is  inclined  to  the  belief  that  the 
feeling  of  opposition  to  them  is  based  upon  the  assumption  that  they 
will  be  expected  to  take  the  place  of  manual  supervision.  Where 
safety  devices  have  been  successfully  employed  with  delicate  electrical 
apparatus  marked  success  has  been  secured.  It  was  necessary,  how- 
ever, that  the  apparatus  be  watched  and  kept  in  order.  Its  use  is  not 
for  the  purpose  of  taking  the  place  of  the  watchfulness  of  the  men,  but 
as  supplementing  it. 

3  Contrary  to  expectation  when  the  use  of  furnace  gas  in  engines 
was  proposed  in  Europe,  it  has  been  found  that  the  removal  of  dust 
from  the  gas  is  a  matter  of  the  greatest  importance  This  is  especially 
true  in  this  country  because  of  the  finer  ore  and  harder  driving  of 
furnaces.  In  this  connection  dry  air  blast  promises  to  effect  a  marked 
reduction  in  the  amount  of  dust  carried  by  the  gas,  as  its  use  appears 
to  result  in  ^'ery  much  more  even  working  of  furnaces  and  a  very 
marked  reduction  in  the  number  of  slips. 

W.  E.  Snyder.  This  paper  is  without  doubt  the  best  description 
and  operating  record  of  a  blast  furnace  power  plant  that  has  ever 
been  published,  and  great  credit  is  certainly  due  the  broad-minded 
officials  of  the  company  operating  this  plant  for  their  action  in  making 
the  data  available.  Great  credit  is  also  due  to  Mr.  Freyn  for  the 
very  complete  records  which  he  kept  and  for  their  very  clear  and 
thorough  presentation.    A  discussion  of  this  paper  is  possible  only  by 
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considering  the  subject  of  the  paper  as  a  topic  upon  which  others 
may  add  their  experiences.  T  will  discuss  the  paper  in  this  way,  giving 
some  notes  relative  to  European  operating  experiences  and  compari- 
sons with  American  conditions. 

2  During  the  early  part  of  1908  I  had  the  opportunity  of  investi- 
gating gas  engine  practice  in  almost  all  of  the  countries  of  Europe 
in  which  gas  engines  are  used.  During  this  investigation  T  visited 
29  different  plants  on  the  Continent,  and  saw  in  round  num})ers 
365,000  horse  power  in  operation.  I  also  visited  eight  different  works 
wh.  re  large  gas  engines  are  built.  At  all  of  these  plants  1  had  oppor- 
tunities for  discussing  their  experiences  with  different  engineers  and 
operating  men  in  charge.  Although  this  was  about  two  j^ears  ago, 
the  development  of  gas  engines  and  gas  cleaning  had  at  that  time  pro- 
ceeded far  enough  to  evolve  certain  standards  of  apparatus  and 
methods  of  operation  which  have  not  changed  materially  since  then. 

3  The  country  which  has  made  the  most  rapid  strides  in  the 
development  and  use  of  large  gas  engines  driven  by  blast  furnace  and 
coke  oven  gas  is  German3^  The  first  small  gas  engine  to  use  blast 
furnace  gas  in  Germany  was  put  in  operation  in  October  1895.  In 
the  early  part  of  1906  Dr.  Reinhardt,  of  the  Schiichterman  &  Kramer 
Works,  estimated  that  there  were  then  under  construction  or  erec- 
tion or  in  operation  in  German  steel  works  349  large  gas  engines, 
aggregating  about  385,000  horse  power,  and  in  German  collieries  35 
gas  engines,  aggregating  30,300  horse  power,  a  total  of  nearly  400 
large  gas  engines.  By  far  the  larger  proportion  of  these  were  installed 
during  the  period  from  1902  to  1906.  Other  countries  made  contem- 
poraneous progress,  though  not  on  such  a  large  scale. 

4  The  effect  of  this  rapid  development  in  an  entirely  new  field 
was  that  the  early  experience  of  many  of  the  gas  engine  stations  was 
one  of  continued  and  varied  troubles.  These  troubles,  while  exasper- 
ating to  the  engineers  in  charge  of  operations  and  discouraging  to  the 
financial  managers,  constituted  the  experiences  from  which  were 
evolved  the  very  satisfactory  European  installations  of  the  present 
day  and  the  large  installations  in  this  countr}-.  European  experience 
during  this  period  of  development,  while  very  interesting,  is  of  no 
importance  compared  with  operating  results  from  the  more  recent 
large  gas  engine  installations,  such  as  are  given  in  Mr.  Freyn's  paper. 

5  A  feature  of  the  use  of  large  gas  engines  in  Europe  is  the  great 
confidence  reposed  in  them  by  both  builders  and  users.  Gas  engines 
were  put  in  to  work  under  the  greatest  variety  of  conditions,  not 
alone  for  lilowing  blast  furnaces  and  for  electric  driving,  liut  f(ir  the 
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direct  driving  of  mills,  of  which  I  saw  several  installations,  including 
merchant  and  small  bar  mills,  rod  mills  and  sheet  mills.  One  steel 
plant  was  equipped  with  a  large  gas  blowing  engine  for  the  conver- 
ters. At  two  works  some  of  the  gas  engines  were  so  constructed  that 
they  served  for  driving  either  blowing  cylinders  or  electric  generators 
as  might  be  required.  At  other  works  a  mixture  of  coke  oven  and 
blast  furnace  gas  was  used,  or  even  producer  gas  and  blast  furnace 
gas.  In  fact,  there  seemed  to  be  no  hesitation  whatever  in  depending 
on  the  gas  engine  to  operate  under  as  widely  varied  conditions  as  the 
steam  engine,  and  this  confidence  in  what  could  be  done  with  the  gas 
engine  was  usually  justified  by  the  results.  Sometimes,  of  course, 
there  was  a  great  deal  of  trouble  and  expense  involved,  but  the  work 
went  on  without  change  in  general  plan. 

6  The  type  of  engine  which  seems  to  be  the  general  favorite  in 
Europe  is  the  same  type  that  has  been  adopted  for  almost  all  of  the 
important  installations  in  this  country.  This  is  the  four-stroke  cycle, 
either  single  or  double  tandem.  There  have  been  long  and  learned 
discussions  among  the  technical  men  of  Germany  on  the  relative 
merits  of  the  two-stroke  cycle  and  the  four-stroke  cycle  engines,  but 
the  type  which  has  predominated  was  not  determined  by  these 
academic  discussions.  It  was  determined  by  the  engineers  who  were 
responsible  for  operation  and  results. 

7  Emphasis  is  everywhere  laid  on  the  necessity  cf  good  technical 
supervision  over  gas-engine  power  stations.  As  the  prime  requisite 
for  good  operating  results,  a  good  gas  engine  is  specified;  for  the 
second  requirement,  efficient  technical  supervision  is  provided, 
coupled  with  records  of  running  conditions  somewhat,  similar  to 
those  presented  in  Mr.  Freyn's  paper,  though  not  so  complete. 

8  The  primary  necessity  for  a  good  engine  to  begin  with  seems  so 
self-evident,  but  it  indicates  the  responsibility  that  is  everywhere 
placed  upon  the  engine  builder.  The  greatest  troubles  which  develop 
are  due  to  fire-cracking  of  the  cylinders  and  pistons.  The  design  of 
those  parts  is  now  much  better  understood  than  at  first,  with  the  con- 
sequent prevention  of  most  of  these  difficulties.  A  very  common 
size  of  cylinder  in  the  newer  installations  is  1100  m.m.  (43.3  in.) 
diameter  and  1300  m.m.  (51.3  in.)  stroke.  Each  cylinder  of  this 
size  at  95  revolutions  develops  about  1000  horse  power,  which  requires 
a  m.e.p.  of  56  lb.  Cylinders  of  this  size  and  smaller  were  complete 
of  one  casting  without  a  bushing.  Since  the  time  of  my  visit,  however, 
cylinders  have  been  designed  and  constructed  to  develop  1300  horse 
power  each,  approximately  52  in.  in  diameter  by  56-in.  stroke.    There 
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have  also  been  developed  cylinders  made  of  two  or  more  castings 
fastened  together  by  strong  and  tight  joints.  This  is  to  avoid  the 
difficulties  due  to  shrinkage  stresses  and  to  the  stresses  in  the  casting 
caused  by  the  difference  in  temperature  between  the  inner  and  outer 
walls.  Hard  cast-iron  bushings  are  also  used,  and  some  engineers 
are  considering  steel  cylinders,  if  indeed  they  have  not  already  been 
constructed. 

9  These  most  recent  developments  in  the  construction  of  cylinders 
are  very  radical  changes  from  what  was  the  practice  among  leading 
builders  but  two  years  ago.  Whether  these  changes  are  due  in  part 
to  American  experience  or  not  it  is  not  possible  to  say,  but  evidently 
the  design  of  multicasting  cylinders  with  bushings  is  due  both  in  this 
country  and  in  Europe  to  a  common  cause,  the  effort  to  increase  the 
reliability  of  the  cylinder,  which  result  is  certainly  accomplished, 

10  The  operation  of  gas-engine  driven  generators  in  parallel  at 
25  cycles  was  common,  as  was  also  their  operation  with  steam- 
engine  driven  units  in  parallel.  The  operation  in  parallel  of  two  or 
more  plants,  gas  or  steam  driven,  but  located  at  different  places,' 
was  also  practiced.  Many  of  the  newer  units  installed  do  not  have 
flywheels,  the  entire  flywheel  effect  being  produced  by  the  rotating 
part  of  the  generator.  The  yoke  frame  is  usually  used,  i.e.,  the  main 
frame  is  designed  with  a  bearing  on  each  side  of  the  crank.  The  vari- 
ous details,  such  as  valve  gears,  regulating  mechanism,  igniters,  etc., 
were  in  various  stages  of  improvement,  the  object  everywhere  being 
to  simplify  and  at  the  same  time  to  retain  or  improve  the  efficiency 
and  reliability  of  operation. 

11  The  newer  installations  in  Germany  are  splendid  examples  of 
engineering  accomplishment.  This  is  true  not  alone  of  the  gas  engines 
but  also  of  the  electrical  apparatus,  buildings  and  auxiliary  equip- 
ment as  well.  Every  detail  seems  to  have  been  given  attention,  and 
where  previous  experience,  or  engineering  foresight  could  serve  as  a 
guide,  provision  has  been  made  for  convenient  and  economical 
operation.  One  of  the  stipulations  in  contracts  for  gas  engines  now 
being  installed  is  that  after  all  adjustments  have  been  made  and  the 
engine  put  into  regular  service  it  must  run  for  four  weeks  continu- 
ously without  stop  or  slow-down,  and  there  is  no  difficulty  whatever 
in  fulfilling  this  condition. 

12  With  regard  to  the  cleaning  of  blast  furnace  gas,  there  was  al- 
most every  conceivable  combination  of  dry  dust  catchers,  vertical 
washers,  and  rotating  washer  devices,  such  as  fans,  Theisen  machines, 
etc.    Many  works  do  not  have  Theis(ni  machines  in  us(>  for  fiu(^  clean- 
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ing  the  gas,  but  use  two  or  three  fans  in  series.  However,  I  did  not 
hear  any  unfavorable  criticism  of  the  Theisen  apparatus  from  any- 
one. The  opinion  was  general  that  it  was  the  most  efficient  method 
of  fine  cleaning  the  gas  that  had  then  been  devised.  Considering 
the  gas  cleaning  proposition  as  a  whole,  from  the  furnace  to  the  engine, 
I  did  not  see  any  installation  superior  to  the  best  installations  in  this 
country,  and  I  doubt  if  their  equal  exists  in  any  of  ^ the  European 
works.  There  is  a  reason  for  this  in  that  the  importance  of  cleaning 
gas  thoroughly  was  fully  reahzed  in  this  country  when  gas  engines 
were  first  considered,  while  in  Europe  it  was  at  first  thought  that 
cleaning  was  not  of  much  importance.  The  extended  European 
experience  with  different  systems  and  apparatus  for  cleaning  gas  for 
gas  engines  was  available  for  the  American  steel  works  engineer 
when  he  first  took  this  matter  up,  while  there  was  no  such  experience 
available  for  the  European  engineer  and  all  of  the  apparatus  required 
had  to  be  developed.  There  is  a  greater  difference  between  the  best 
gas  cleaning  plants  in  this  countrj^  and  in  Europe  than  there  is  between 
the  gas-engine  power  stations,  or  more  particularly,  the  gas  engines 
themselves.  There  is  a  strong  probability  that  the  reason  for  this 
is  that  here  the  steel  works  engineer,  whether  consciously  or  uncon- 
sciously, made  more  use  of  gas  cleaning  experience  in  Europe  than  was 
made  of  European  gas-engine  experience  by  the  American  designer. 
It  is  a  fact  that  there  has  been  practically  no  trouble  here  in  the  thor- 
ough cleaning  of  gas  for  engines  in  the  principal  installations,  while 
there  has  been  a  great  deal  of  trouble  with  the  gas  engines  themselves 
in  these  same  installations.  Most  of  these  difficulties  have  now  been 
overcome,  but  many  of  them  could  have  been  avoided  if  the  American 
designer  had  profited  by  the  fund  of  European  experience  which  was 
available  when  he  first  began  his  work. 

13  The  following  may  be  given  as  interesting  items  of  compara- 
tive data  with  reference  to  gas  cleaning:  Dr.  K.  Reinhardt  found  that 
the  water  consumption  of  Theisen  machines  varied  in  different  plants 
from  22  to  60  gallons  per  1000  cu.  ft.  of  gas  cleaned.  The  plant 
described  by  Mr.  Freyn  used  an  average  of  19.4  gal.  per  1000  cu.  ft. 
Dr.  Reinhardt  also  determined  the  horse  power  per  1000  cu.  ft.  of 
gas  cleaned  by  Theisen  machine  to  vary  from  0.17  to  0.37.  Calcula- 
tion from  the  data  given  by  Mr.  Freyn  shows  that  the  Theisen  alone 
required  0.20  h.p.  per  1000  cu.  ft.  of  gas.  German  practice  had  come 
to  regard  0.02  grams  of  dust  per  cubic  meter,  equivalent  to  0.009 
grains  per  cu.  ft.,  as  a  standard  for  cleanliness  of  the  gas.  jThis  was 
a  compromise  between  what  was  thought  possible  for  a  gas  cleaning 
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plant  and  what  was  desirable  for  gas  engines.  The  average  dust 
contained  in  fine  gas  for  the  year  as  given  by  Mr.  Freyn's  paper  is 
0.0058  grains  per  cii.  ft.  which  is  about  65  per  cent  of  the  approximate 
maximum  fixed  b}-  German  practice  as  standard. 

14  The  velocity  of  the  gas  allowed  in  the  different  mains  and  pipes 
as  given  by  an  experienced  engineer  was  as  follows:  In  large  gas 
mains  from  15  to  20  ft.  per  sec. ;  in  smaller  pipes  connecting  the  differ- 
ent parts  of  the  gas  cleaning  apparatus,  33  ft.  per  sec;  in  brand', 
pipes  going  to  engines,  66  ft.  per  see. ;  in  valves  and  gas  passages  of  the 
engines  130  ft.  per  see. 

15  In  some  of  the  plants  no  charge  was  made  to  the  power  station 
for  gas  used.  At  many  of  the  largest  and  most  modern  installations, 
however,  a  charge  was  made  for  the  gas.  This  charge  was  deter- 
mined by  measuring  approximately  the  quantity  of  gas  used  per 
month  and  calculating  from  its  average  composition  the  heating 
value  of  the  gas  per  cubic  meter.  This  was  then  evaluated  by  com- 
paring with  the  heating  value  of  standard  coal  used  at  the  plant.  In 
a  few  instances  gas  calorimeters  were  in  use,  but  all  instruments  for 
measuring  or  testing  gas  were  in  process  of  rapid  evolution  and  no 
method  had  general  acceptance,  either  in  the  engineering  or  account- 
ing problems  involved  in  valuing  the  gas  and  accounting  for  it. 

16  Venturi  meters  Avere  not  used  in  any  plant  for  measuring  gas. 
The  usual  method  of  determining  the  quantity  of  gas  was  to  use 
an  instrument  based  on  the  Pitot  tube  principle,  the  tube  being 
located  at  a  point  in  the  cross  section  of  a  straight  run  of  pipe  which 
has  been  determined  by  test  to  be  approximately  that  of  average  gas 
velocity.  The  instrument  was  nearly  always  of  the  continuous 
recording  type,  with  charts  graduated  to  record  gas  velocity. 

17  For  lubricating  the  gas  engine  cylinders,  the  largest  and  heaviest 
types  of  lubrication  that  I  have  ever  seen  were  in  use.  These  lubri- 
cators were  of  very  massive  construction,  and  were  frequently  placed 
on  the  floor  beside  the  gas  engine,  looking  not  unlike  small  vertical 
engines.  They  were  connected  to  a  number  of  oil  pipes,  which  sup- 
plied lubricant  to  the  cylinders,  exhaust  valves  and  rod  packing.  The 
cylinders  were  usually  fitted  Avith  from  feur  to  six  oil  pipe  connections, 
these  being  placed  where,  in  the  judgment  of  the  designer,  they  would 
do  the  most  good.  It  was  not  the  practice  to  attempt  to  discharge 
oil  in  the  cylinder  at  any  particular  point  in  the  stroke.  The  method 
of  driving  the  lubricator  prevented  this. 

IS  There  was  great  variation  in  the  kind  (.f  oil  used,  l)ut  the  con- 
census of  ()])iiii()n  agreed  that  the  cyhiider  oil  should  he  of  light  body, 
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containing  a  minimum  of  heavy  carbonaceous  matter.  The  only 
test  I  could  find  being  applied  to  oil  for  gas  engines  was  that  the  smal- 
ler the  residue  when  the  oil  was  vaporized  the  more  suitable  it  is  for 
gas  engines,  provided  that  it  has  the  general  characteristics  of  good 
lubricating  oil.  At  some  plants  they  were  using  oil  of  the  same  kind 
in  the  cylinders  as  was  used  in  the  bearings  and  pins  of  the  engine. 

19  At  many  of  the  large  installations  great  care  i  5  taken  to  provide 
for  the  safet^y  of  the  men  in  charge  of  the  gas  engines  and  gas  cleaning. 
Various  kinds  of  safety  apparatus  are  placed  where  they  will  be  quickly 
available  in  case  of  accident,  and  the  men  are  trained  in  the  use  of 
this  apparatus.  There  are  also  rules  in  force  which  are  intended  to 
promote  safety  conditions.  One  of  these  provided  that  no  less  than 
two  men  shall  work  together,  the  presumption  being  that  in  this  case 
there  will  always  be  one  to  raise  the  alarm  in  case  a  man  is  ovi  rcome 
by  gas.  Another  rule  provided  for  the  proper  ventilation  of  cellars 
and  the  prevention  of  gas  pockets  about  the  foundation  or  builcUng. 
As  a  result  of  these  precautions  accidents  due  to  the  effects  of  gas  are 
said  to  be  very  infrequent. 

20  During  the  past  two  or  three  years  very  rapid  progress  has 
been  made  in  this  countrj^  in  the  improvement  of  details,  both  in 
the  design  and  construction  of  engines  and  in  their  operation.  Some 
American  engineers  have  done  splencUd  work  in  designing  large  gas 
engines  to  meet  American  conditions.  One  of  the  most  important 
improvements  is  the  cylinder  made  of  two  or  three  different  castings, 
fitted  with  a  hard  cast-iron  bushing.  The  use  of  steel  castings  for 
cylinders  is  also  an  important  development.  It  is  not  intended  to 
imply  that  these  features  of  cylinder  construction  are  distinctively 
American  practice,  but  American  conditions  and  designers  are  no 
doubt  largely  responsible,  since  this  form  of  construction  developed 
very  soon  after  the  manufacture  of  large  gas  engines  began  in  this 
country. 

21  Another  improvement  in  detail  that  is  distinctively  American 
is  in  the  method  of  lubricating  the  cylinders.  It  is  now  very  general 
practice  here  to  have  two  oil  pipes  for  each  end  of  cylinder,  each  pair 
being  located  at  the  top  of  the  cylinder,  one  a  short  distance  on  each 
side  of  the  center  line.  The  oil  pump  is  connected  in  such  a  way  that 
the  oil  is  discharged  at  the  beginning  of  each  suction  stroke  where  the 
piston  covers  the  oil  holes.  The  lubricators  used  for  delivering  the 
oil  to  the  cylinders  are  much  smaller  and  less  cumbersome  than  those 
in  use  in  foreign  plants  and  seem  to  })e  just  as  satisfactory.  A  sjs- 
tem  of  forced-feed  lubrication  for  all  l)earings,  pins,  etc.  has  been 
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developed  and  is  now  in  successful  operation.  This  is  of  special  impor- 
tance in  that  it  contributes  towards  higher  piston  speed,  thereby 
reducing  the  first  cost  per  unit  of  capacity  and  the  floor  space  required. 

22  The  governing  mechanism  has  also  been  improved  to  such 
a  degree  that  all  principal  builders  are  ready  to  guarantee  successful 
parallel  operation  of  60-cycle  a.  c.  generators.  This  is  also  an  improve- 
ment, but  it  came  too  late  to  influence  the  characteristics  of  the  prin- 
cipal installations  now  in  operation.  At  these  plants  the  25-cycle 
system  was  selected  of  necessity  and  must  now  be  adhered  to  because 
it  is  too  thoroughly  Crtablished  to  permit  of  change. 

23  Still  another  important  improvement  in  detail  which  is  dis- 
tinctively American  is  the  kind  of  cylinder  used  in  large  gas  blowing 
engines.  The  blowing  cylinders  I  saw  on  most  of  the  gas  engines  of 
Europe,  I  consider  the  poorest  part  of  the  whole  installation.  A  large 
proportion  of  these  cylinders  have  the  old  type  mushroom  poppet 
valves  for  both  inlet  and  discharge.  While  these  may  have  been 
fairly  well  suited  to  the  low  blast  pressures  carried  at  most  of  the 
European  plants,  they  are  wholly  unsuited  to  American  conditions 
and  to  use  them  on  gas  engines  here  would  be  going  back  to  the  prac- 
tice of  15  or  20  years  ago.  Tn  order  to  get  the  most  efficient  results 
from  a  gas  blowing  engine,  mechanically  operated  valves  are  necessary. 
This  fact  has  been  fully  appreciated  by  American  designers  and  some 
splendid  examples  of  cylinders  fitted  with  this  type  of  valve  have  been 
produced.  The  equal  of  these  American  blowing  cylinders  with 
mechanically  controlled  valves  is  not  made  anywhere  in  the  world 
and  their  use  facilitates  higher  rotative  speeds,  which  in  turn  reduces 
unit  first  cost  and  floor  space.  Speed  control  for  blowing  engines  is 
a  feature  in  which  the  best  American  engines  equal  the  best  used  in 
Europe  at  present. 

24  Gas  cleaning,  the  construction  of  gas  engines,  and  their  opera- 
tion are  all  now  well  understood  in  this  country.  The  engineering 
problems  involved  are  appreciated,  even  though  they  are  not  all 
solved.  The  commercial  features  involved  are  not  of  the  most  impor- 
tance because  a  gas  engine  installation  will  in  this  country,  for  years 
to  come,  be  a  very  expensive  installation  per  unit  of  capacity.  The 
price  of  fuel  at  all  blast  furnace  plants  "n  this  country  is  low  compared 
with  what  it  is  in  Europe.  The  manager,  in  considering  gas  engines, 
must  face  the  American  aspect  of  high  plant  cost  and  low  fuel  cost. 
In  this  connection  any  improvement,  such  as  forced-feed  lubrication 
mechanically-controlled  air  valves,  etc.  which  facilitates  higher  pis-, 
ton  speeds,  is  an  improvement  wliioh  makes  the  larg(^  gas  engine 
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more  generally  available  for  consideration  in  American  plants.  What 
is  required  is  to  increase  the  earning  capacity  of  any  given  unit  or 
installation.  High  load  factor  at  nearly  continuous  operating  con- 
ditions is  one  of  the  principal  requirements  for  gas  engine  plants.  It 
\vill  therefore  be  seen  that  while  a  collection  of  data  as  given  in  Mr. 
Freyn's  paper  is  of  great  interest  from  an  engineering  standpoint,  it 
is  also  of  particular  importance  in  its  bearing  on  the  commercial  use 
of  gas  engines,  i.e., it  is  a  record  of  the  efficiency  or  output  of  each 
principal  part  of  the  power  plant,  so  that  it  is  always  known  whether 
or  not  the  installation  is  maintaining  the  best  operating  efficiency 
consistent  with  the  operation  of  the  works  which  it  serves. 

The  Author.  As  Mr.  Maccoun  states,  all  large  gas  engines  hxiWi 
in  this  country  are  of  the  side  crank  type,  as  this  design  was  insisted 
upon  by  the  steel  works'  engineers,  and  it  cannot  be  denied  that  the 
side  crank  design  proved  to  be  very  satisfactory  and  has  many  advan- 
tages over  the  center  crank  construction,  but  it  should  not  be  over- 
looked that  it  makes  American  gas  engines  considerably  heavier  and 
more  expensive  than  European  engines,  which  are  without  exception 
built  with  center  cranks. 

2  Regarding  the  question  of  governing  gas  engines,  the  governing 
by  constant  mixture  is  decidedly  favored  by  American  engine  builders, 
and  it  appears  that  this  system  gives  more  satisfactory  results  in  our 
practice  than  the  so-called  constant-compression-stratification  method 
of  governing. 

3  I  cannot  agree  with  Mr.  Maccoun  that  it  is  of  such  great  impor- 
tance to  use  some  particular  brand  of  cylinder  oil  for  lubricating  gas- 
engine  cylinders.  At  the  plant  under  discussion  very  excellent 
results  are  being  obtained  by  the  use  of  standard  gas  engine  oil 
which  has  about  the  folloAving  characteristics: 

Viscosity  Flash  point  Fire  point       Spec.  Gravity 

Tagliabue  deg.  fahr.  deg.  fahr. 

79.1  395  456  0.912 

This  oil  is  considerably  less  expensive  than  the  special  heavy  oils 
suggested  by  Mr.  Maccoun,  whereas  the  quantity  consumed  is  not 
very  much  greater,  so  that  the  net  result  is  a  material  economy  in  the 
cost  of  lubrication.  Frequent  cylinder  examinations  have  proved  that 
the  use  of  standard  gas  engine  oil  does  not  entail  carbon  deposits, 
since  the  oil  is  burned  up  completely,  not  leaving  any  residue  in  the 
counterbore  nor  under  the  piston  rings.  This,  in  my  experience, 
cannot  be  said  of  the  high-priced  oils  which,  in  order  to  obtain  the 
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high  flash  and  fire  points,  must  necessarily  contain  heavy  hydro-car- 
bons. 

4  In  regard  to  the  amount  of  power  obtainable  from  blast  fur- 
nace gas,  I  think  that  the  figure  of  25  h.p.  per  ton  of  pig  iron  pro- 
duced in  24  hours  is  pretty  generally  admitted  to  })e  a  reliable  basis  for 
general  calculations  of  the  available  power.  It  is  true  that  this  figure 
does  not  apply  in  every  particular  instance,  and  especially  not  in 
cases  of  "f  lants  having  less  than  two  or  three  blast  furnaces.  There  are 
plant?  in  ixi^lenc?,  however,  where  practically  no  cjal  i;  burned 
under  the  boilers,  and  where  all  power  requirements  for  the  mills  are 
being  supplied  by  the  excess  gas  from  the  blast  furnaces.  The  Gar}^ 
works  of  the  Illinois  Steel  Company  exemplify  this  statement. 

5  Mr.  Maccoun  is  perfectly  correct  in  maintaining  that  the  gas 
engine  is  not  the  universal  panacea  for  the  needs  of  a  blast  furnace 
plant.  In  isolated  plants,  for  instance,  where  a  large  proportion  of  the 
gas  produced  by  the  furnaces  must  go  to  waste  simply  because  there 
is  no  field  for  its  utilization,  and  where  the  gas  is  therefore  of  no  value, 
the  installation  of  costly  gas  engines  may  be  uneconomical  and  unde- 
sirable. In  other  plants  there  may  be  old  steam  engines  in  operation 
which  are  running  so  satisfactorily,  though  not  economically,  that 
they  may  render  good  service  for  years  to  come.  In  such  cases  it 
would  be  a  waste  of  money  to  discard  these  engines  and  to  replace 
them  by  gas  engines,  since  the  low-pressure  steam  turbine  is  avail- 
able to  improve  materially  the  thermal  efficiency  of  such  plants. 

6  In  connection  with  the  question  which  has  aroused  most  of 
the  discussion,  namely  the  preliminary  cleaning  of  blast  furnace 
gas,  it  seems  to  be  the  unanimous  opinion,  brought  out  by  Messrs. 
Morgan  and  Uehling,  that  it  is  obsolete  practice  to  use  raw  blast 
furnace  gas  for  any  purposes  about  a  blast  furnace  plant.  It  is  gener- 
ally recognized  today  that  the  gas  for  hot  blast  stoves  and  boilers 
should  be  cleaned  to  prevent  the  deleterious  effect  of  the  flue  dust 
on  the  checker  l^rickwork  in  the  hot  blast  stoves  and  on  the  boiler 
flues.  Opinions,  however,  are  divided  as  to  the  degree  to  which 
blast  furnace  gas  for  these  purposes  should  be  cleaned,  as  well  as  to 
how  this  cleaning  should  be  performe<l.  According  to  the  informa- 
tion obtainable  on  the  subject  at  present,  it  does  not  seem  possible 
to  clean  blast  furnace  gas  by  a  dry  process  alone  to  such  a  degree  of 
cleanliness  as  is  claimed  to  be  desirable  in  some  of  the  discussions. 

7  While  it  would  seem  consistent  to  assume  that  the  l)enefit 
derived  should  increase  proportional^  with  the  degree  of  cleanliness 
of  the  gas,  this  is  not  so,  since  the  ultimate  economy  is  not  only  depen- 
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dent  upon  the  increased  life  of  the  checker  work  in  the  stoves,  the  high 
heats  obtainable  and  the  reduced  labor  of  cleaning  stoves  and  boiler 
flues,  but  also  to  a  very  great  extent  upon  the  cost  of  installation, 
operation  and  maintenance  of  a  gas-washing  plant. 

8  The  discussion  of  this  phase  of  the  problem  of  gas  cleaning 
bears  out  the  general  conviction  that  if  blast  furnace  gas  could  be 
sufficiently  cleaned  by  a  drj^  process  only,  such  a  cleaning  plant  could 
be  installed,  operated  and  maintained  at  a  much  lower  cost  than  if 
wet  scrubbers,  pumps,  fans,  etc.,  were  necessary  to  accomplish  the 
purpose  in  view.  My  opinion  is  that  dry  cleaning  of  the  blast  fur- 
nace gas  can  be  most  effectively  accomplished  in  an  apparatus  ful- 
filling the  f  11  wing  three  conditions: — 

a  Reduction  of  temperature  of  the  gas 

b  Sudden  change  of  direction 

c  Sudden  reduction  of  velocity 
As  explained  in  the  body  of  the  paper,  a  reduction  of  temperature  of 
the  gas  can  be  accomplished  without  expense  by  the  use  of  unlined 
gas  mains.  Too  much  importance  should  not  be  attached  to  the 
advantage  of  preserving  the  sensible  heat  of  the  gas,  and  calcula- 
tions at  the  plant  under  discussion  have  shown  that  the  loss  due  to 
reduction  to  atmospheric  temperature  does  not  exceed  8%.  On  the 
other  hand  any  reduction  in  temperature  of  the  gas  is  coincident  with 
a  corresponding  reduction  of  moisture,  a  very  important  factor  in  the 
economical  burning  of  the  gas  in  stoves  and  under  boilers. 

9  The  design  of  any  effective  dry  cleaner  should  make  it  impossible 
for  the  dust  to  be  stirred  up  after  it  is  once  deposited  and  this  implies 
provision  for  carrying  off  the  separated  flue  dust  in  such  a  manner 
that  it  is  protected  as  much  as  possible  from  the  effect  of  slips  and 
the  tendency  of  the  gas  current  to  entrain  the  dust  particles.  Any 
dry  cleaners  based  on  the  action  of  centrifugal  force  are  necessarily 
much  more  effective  than  the  old  type  dust  catchers,  wherein  the 
sepa:  ation  of  the  dust  occurred  merely  by  the  reduction  of  velocity 
in  voluminous  chambers.  Granting  the  above  requirements  for  an 
effective  dry  cleaner,  the  horizontal  dust  separator  described  by  Mr. 
Morgan  must  prove  to  be  a  very  efficient  dry  cleaner. 

10  At  the  plant  under  discussion  a  great  deal  of  experimenting  on 
a  large  scale  was  done  in  connection  with  this  problem.  As  explained 
in  the  body  of  the  paper,  very  voluminous  dry  dust  catchers  of  the 
tangential  type  were  installed  at  all  furnaces,  but  it  was  found  that 
the  efficiency  was  comparatively  low. 

11  A  new  development  in  the  dry  cleaning  of  gas  is  now  being 
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perfected  at  this  plant,  and  it  promises  to  solve  the  problem  in  a  very 
simple,  inexpensive  and  effective  manner.  This  is  the  Brassert-Wit- 
ting  dry  dust  cleaner,  letters  patents  for  which  arc  now  pending. 
This  dry  cleaner  combines  in  one  apparatus  the  above  named  prin- 
ciples of  successful  dry  cleaning,  since  it  is  unlined,  makes  use  of  cen- 
trifugal force,  positive  friction,  reversal  of  direction  and  sudden  expan- 
sion of  the  gas  while  protecting  channels  take  the  dust  out  of  the  path 
of  the  gases.  These  dust  catchers  are  inexpensive  and  the  operating 
cost  is  practically  nothing,  as  they  discharge  the  dust  directly  into 
railroad  cars.  The  advantage  of  this  system,  aside  from  the  low  cost, 
is  the  fact  that  all  the  dust  is  recovered  in  a  dry  condition,  doing  away 
with  the  nuisance  of  sediment  in  sewers,  river,  etc.  It  has  been  shown 
in  actual  practice  that  one  of  these  ten  foot  Brassert-Witting  dry 
cleaners  will  take  out  about  twice  as  much  dust  as  a  large  forty  foot 
dry  dus:  catcher  of  the  system  preceding  it,  and  with  three  of  these 
cleaners  in  series,  it  is  possible  to  obtain  a  cleanliness  of  less  than 
one-half  grain  of  dust  per  cubic  foot. 

12  With  reference  to  Mr.  S.  K.  Varnes'  contribution  on  the  ques- 
tion of  wet  gas  cleaning,  it  is  unquestionably  true  that  this  object 
can  be  satisfactorily  accomplished  in  wet  scrubbers  other  than  the 
one  described  in  the  paper.  Whether,  however,  such  wet  cleaners  are 
more  effective  and  cheaper  in  operation  is  yet  to  be  proved.  The  four 
wet  scrubbers  in  the  plant  under  discussion,  now  operating  in  parallel, 
show  an  efficiency  of  over  90%  for  the  last  three  months.  The  reduc- 
tion of  gas  pressure  to  which  Mr.  Varnes  refers  is  of  no  consequence 
since  it  does  not  exceed  one  inch  of  water  column, 

13  T  cannot  imagine  a  better  distribution  of  water  than  that 
obtained  in  a  tower  filled  with  hurdles,  since  the  water  falling  from 
hurdle  to  hurdle  on  its  way  from  the  top  to  the  bottom  of  the  wet 
scrubber  is  broken  up  again  and  again  into  a  very  fine  mist  so  that 
practically  every  particle  of  gas  must  come  into  thorough  contact 
with  the  water.  I  do  not  believe  that  the  dust  particles  have  to 
pierce  a  water  film  in  order  to  be  removed  from  the  gas,  but  that  the 
action  which  takes  place  in  any  type  of  scrubber  consists  in  the  aa  etting 
and  weighing  down  of  the  dust  particles  by  microscopical  water  drops 
in  suspension. 

14  The  influence  which  impurities  in  the  gas  have  on  the  cylinder 
wear  can  practically  be  disregarded  if  the  engine  gas  is  thoroughly 
cleaned  in  a  modern  cleaning  plant.  Conditions  have  changed  mateii- 
ally  in  this  respect  in  the  last  eight  or  ten  years.  Before  adequate 
gas  cleaning  plants  were  in  use  the  amount  of  impurities  carried  into  the 
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engines  was  so  great  that  the  dust  and  the  lubricating  oil  formed  a 
grinding  material  which  caused  the  cylinders  to  wear  out  in  a  distress- 
ingly short  time.  Cylinder  wear  in  modern  blast  furnace  gas  engines 
is  not  primarily  due  to  the  dust,  but  to  the  material  of  the  cylinders, 
piston  ring  design,  lubrication,  etc. 

15  Mr.  Stott  mentioned  that  he  has  obtained  with  a  combination 
of  reciprocating  steam  engines  and  low-pressure  steam  turbines,  a 
thermal  efficiency  of  over  21%.  It  is  evident  that  Mr.  Stott  is  refer- 
ring his  thermal  efficiency  to  the  total  amount  of  heat  contained  in  the 
steam  at  the  engine  throttle  and  that  he  does  not  take  into  account  the 
losses  occurring  by  steam  transmission  between  boiler  house  and 
engines,  nor  the  efficiency  of  the  boilers  themselves  and  the  losses  in 
the  boiler  house.  Inasmuch  as  in  a  blast  furnace  plant  the  blast  fur- 
nace gas  is  the  available  fuel,  which  in  one  case  is  used  directly  by 
combustion  in  the  gas  engine  cylinders  and  in  the  other  case  indirectly 
under  boilers  for  raising  steam,  a  fair  comparison  of  the  efficiencies 
of  these  prime  movers  can  be  made  only  on  the  basis  of  the  amount  of 
heat  units  contai'Ded  in  the  gas  delivered  at  the  gas  cleaning  plant 
in  the  former  and  at  the  steam  boilers  in  the  latter  case.  Assuming 
that  the  combined  losses  in  boilers  and  by  steam  transmission  to 
the  engines  amounts  to  35%,  so  that  the  combined  efficiency  of  boilers 
and  steam  r)ipe  is  65%,  the  thermal  efficiency  of  Mr.  Stott's  installa- 
tion would  not  exceed  13.7%  compared  with  about  21%  realized  with 
our  gas  engines. 

16  The  latter  figure,  moreover,  is  not  a  value  obtained  bj^  one  or  a 
series  of  individual  tests,  but  is  the  average  of  the  results  obtained  in 
actual  commercial  operation  of  the  plant  during  the  period  of  one 
year;  nor  is  this  figure  in  any  way  exceptional,  as  there  are  gas  engine 
plants  in  existence  abroad  where  average  thermal  efficiencies  of  25% 
and  more  are  being  realized.  There  is  no  reason  why  with  mechani- 
cally perfect  engines  of  modern  design  these  figures  should  not  be 
duplicated  and  even  exceeded  in  this  country. 

17  Mr.  Coleman's  discussion  was  submitted  to  Mr.  C.  J.  Bacon, 
who  states  that  the  matter  of  which  Mr.  Coleman  speaks  namely, 
accounting  for  losses  in  the  Venturi  meter,  was  not  included  in  the' 
paper  as  there  was  no  definite  information  available  on  the  relative 
losses  due  to  eddy  currents,  location  or  pressure  holes,  imperfect 
workmanship,  etc.  Mr.  Bacon  f  illy  agrees  with  all  that  Mr.  Coleman 
says. 

18  It  is  with  particular  pleasure  that  I  refer  to  Mr.  W.  E. 
Sjmder's  remarkable  contribution  as  one  of  the  most  valuable  accounts 
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of  European  gas-engine  practice  which  has  yet  appeared  in  print  and 
it  will  undoubtedly  prove  of  great  interest  and  v:.lue  to  the  profession. 
Having  had  experience  in  both  European  and  American  gas-engine 
practice  and  having  actively  witnessed  the  early  development  of  the 
blast  furnace  gas  engine  here  and  abroad  I  feel  competent  to  endorse 
the  views  expressed  by  Mr.  Snyder  in  every  particular. 

19  In  preparing  my  paper  I  purposely  refrained  from  broaching  the 
subject  of  gas  engine  design  and  construction;  nor  did  I  yield  to  the 
temptation  of  relating  my  personal  experience  with  gas  engine  opera- 
tion here  and  abroad,  well  knowing  that  my  reference  to  these  sub- 
jects would  have  brought  out  a  veritable  avalanche  of  discussions  on 
the  part  of  both  gas-engine  builders  and  users.  In  line  with  this 
reasoning  I  do  not  care  to  take  up  point  by  point  Mr.  Synder's 
remarks  on  the  construction  of  certain  gas  engine  parts,  but  1  wish 
to  elaborate  a  little  on  one  statement  which  is  in  line  with  the  subject 
matter  of  my  paper. 

20  It  is  an  established  fact  that  all  gas  cleaning  plants  installed 
in  this  country  within  the  last  five  years  have  been  very  successful 
and  practically  free  from  trouble.  This  is  largely,  if  not  exclusively, 
due  to  the  insight  of  American  steel  works  managers,  who  recognized 
that  in  view  of  what  had  been  done  in  Europe  along  this  line  any 
attempts  to  solve  the  pro'  lem  inadequately  by  carrying  on  lengthy 
and  costly  experiments  would  have  meant  wasting  money  and  retrac- 
ing again  the  steps  which  their  European  colleagues  had  taken  before. 
Instead  they  willingly  took  advantage  of  the  experience  of  others  and 
adopted  European  methods  and  apparatus,  perfecting  them  to  meet 
their  own  conditions.  It  is  equally  true  that  many  of  the  difficulties 
encountered  in  the  operation  of  our  gas  engines  in  this  country  would 
have  been  avoided  if  this  principle  of  profiting  by  the  experience  of 
others  had  been  more  closely  adhered  to  in  designing  and  building 
American  gas  engines. 

21  It  is  very  gratifying  to  note  the  close  coincidence  of  the  results 
obtained  in  American  and  European  operating  practice,  especially 
in  regard  to  the  purification  of  blast  furnace  gas  and  the  lubrication 
of  gas  cylinders. 


CRITICAL  SPEED  CALCULATION 

By  S.  H.   Weaver,   Published  in  The   Journal  for  June  1910 
ABSTRACT  OF  PAPER 

The  motion  of  a  rotating  shaft  is  treated  mathematically  as  vibrations  along 
two  axes  at  right  angles  to  each  other.  Properties  of  the  equations  of  vibration 
are  discussed  and  curves  given  showing  the  amphtude  of  vibrations  at  differ- 
ent speeds  for  various  shaft  loadings,  spans  and  bearing  supports.  For  the 
points  of  maximum  vibration,  the  general  formulae  are  reduced  Lo  special  forms 
and  given  in  a  reference  table  for  convenient  use. 

DISCUSSION 

Henry  Hess.  In  all  of  the  valuable  formulae  developed  by  Mr. 
Weaver  the  center  of  support  at  the  journal  is  assumed  as  a  definite 
single  point.  As  a  matter  of  fact,  machine  journals  are  not  definite 
single  points  but  vary  in  length  from  one  to  five  shaft  diameters.  It 
is  usually  assumed  that  the  center  of  pressure  in  a  journal  with  a  load 
to  one  side  of  the  journal  is  at  a  p„int  about  one-third  the  length 
of  the  journal,  or  that  such  a  point  is  at  the  center  of  the  journal  when 
equal  loads  are  overhung  at  both  sides.  As  a  matter  of  fact,  however, 
the  actual  position  of  the  average  load  is  entirely  undetermined.  It 
may  be  at  the  assumed  point,  at  one  end  or  the  other,  or  at  any  point 
between. 

2  If  a  journal  is  scraped  so  as  to  be  absolutely  parallel  and  to 
fit  the  shaft  throughout  its  entire  length,  a  measurement  of  the  journal 
and  shaft  after  being  used  for  some  time  will  show  that  the  journal  has 
become  bell-mouthed.  A  similar  measurement  later  will  show  that 
the  bell-mouth  has  changed  to  the  other  end  of  the  journal.  Any 
measurement  taken  between  these  times  will  show  that  the  journal 
is  bell-mouthed  at  both  ends.  A  frequent  repetition  of  such  measure- 
ments will  show  that  the  shape  of  the  journal  is  continually  changing. 
It  foUows  from  this  that  the  point  of  load  concentration  is  also  con- 
tinuously shifting  from  end  to  end  and  back  again. 

3  It  must  be  manifest  that  any  formula  based  on  the  assiun))1  ion 


1360  DISCUSSION 

of  a  fixed  point  of  support  must  fail  of  giving  satisfactory  results. 
No  doubt  this  fact  explains  much  of  the  trouble  experienced  in  de- 
signing elements  which  are  to  rotate  at  high  speeds. 

4  The  solution  is,  theoretically,  a  very  simple  one.  It  is  to  provide 
a  journal  in  which  the  point  of  support  is  definitely  fixed  to  agree  with 
the  lengths  of  the  load  lever  arms  assumed  in  the  formula.  From  a 
practical  standpoint  this  demands  that  the  journal  be  of  zero  length, 
a  requirement  which  is  insurmountable  so  long  as  plain  journals  are 
used.  The  difficulty  ceases,  however,  as  soon  as  a  ball  bearing  of  that 
type  in  which  a  single  row  of  balls  carries  the  load  and  in  which  the 
contact  between  the  balls  and  races  lies  in  a  plane  at  right  angles  to 
the  axis  of  the  shaft  is  resorted  to.  This  concentrates  the  load  at  the 
theoretical  point,  or  plane,  of  the  formula.  When  it  is  desired,  the 
greater  stiffness  which  is  given  the  shaft  by  the  support  of  a  long 
journal  can  be  realized  by  using  two  ball  bearings  of  the  type  referred 
to,  separated  by  such  distance  as  is  desirable.  Here  again  the  points 
or  planes  at  which  the  load  is  supported  in  the  journal  are  definitely 
fixed  and  cannot  shift. 

S.  A.  Moss.  It  is  not  necessary,  as  stated  by  Mr.  Hess,  to  know 
the  exact  center  of  support  in  the  bearings.  Vibration  at  a  critical 
speed  is  not  at  a  single  speed,  but  through  a  considerable  range  on 
either  side  of  the  computed  critical  speed,  the  extent  of  the  range 
varying  as  the  speed  is  increasing  or  decreasing  or  as  the  acceleration 
is  fast  or  slow.  Hence  exactness  is  useless.  I  have  run  some  machines 
with  ball  bearings,  and  have  not  noticed  any  difference  in  the  range  of 
critical  speed.  Any  change  in  the  point  of  support  simply  means  that 
the  critical  speed  comes  at  a  very  slightly  higher  point,  a  few  per  cent 
in  most  instances. 

2  At  the  critical  speed  there  is  the  synchronous  transverse  vibra- 
tion of  the  shaft,  as  has  been  pointed  out,  and  the  simple  deflection 
of  the  center  of  gravity  does  not  reallj^  occur.  The  shaft  is  rotating 
at  the  same  time  it  is  vibrating  and  if  there  is  any  unbalancing,  the 
center  of  gravity  shifts  from  the  inside  to  the  outside  during  the  course 
of  the  transverse  vibration.  In  the  vicinity  of  the  critical  speed,  the 
shaft  is  going  back  and  forth  between  the  two  positions,  and  finally, 
beyond  the  critical  speed,  the  transverse  vibration  dies  out  with  the 
center  of  gravity  on  the  inside. 

M.  NusiM.    Mr.  Weaver  makes  a  passing  reference  to  a  paper  by  _ 
Professor  Morley  where  a  highly  important  fonmila  for  the  calcula-' 
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tioiis  is  critical  speeds  is  published.     Using  engineering  units  this 
formula  is  as  follows: 


^=I87.7^p^ 


where  N  is  the  lowest  critical  speed  in  revolutions  per  minute,  W  is 
any  of  the  weights  on  the  shaft  measured  in  pounds,  and  y  is  the  corre- 
sponding static  detlection  in  inches  if  theshaft  were  horizontal.  IiWy 
represents  the  sum  of  the  products  of  each  load  into  the  corre- 
sponding static  deflection.  I,Wy^  represents  the  sum  of  the  pro- 
ducts of  each  load  into  the  square  of  the  corresponding  static 
deflection.  The  formula  is  applicable  to  a  shaft  of  constant 
or  variable  diameter  with  any  number  of  loads  and  with  any 
number  of  bearings,  and  it  includes  all  of  the  simple  cases  given  by 
Mr.  Weaver.  For  such  cases  there  is  little  preference  between  the 
two  forms.  The  Morley  formula  also  covers  the  more  complicated 
cases  (with  three  loads,  etc.),  which  the  simple  formulae  do  not  treat, 
but  gives  the  first  or  lowest  critical  speed  only.  It  has  been  given 
by  Dr.  C.  Chree  in  a  form  suitable  for  comparing  with  and  criti- 
cizing Dunkerley's  empirical  formula  for  critical  speeds,^  and  was 
published  later,  in  the  condensed  form  given  above,  by  Prof.  A. 
Morley.2  The  formula  mentioned  is  based  on  a  theorem  due  to 
Lord  Rayleigh,  which  states  that  the  period  of  vibration  o^  a  shaft 
is  not  affected  appreciably  if  we  depart  materially  from  the  true  shape 
the  elastic  curve  takes  during  vibration.  This  theorem  is  related  to 
the  calculation  of  critical  speeds  in  so  far  as  a  knowledge  of  the 
elastic  curve  of  the  shaft  at  this  speed  is  sufficient  for  the  calcula- 
tion of  it.  The  formula  is  derived  by  taking  the  shape  of  the  elastic 
curve  during  whirling  to  be  the  same  as  that  due  to  the  elastic  loads 
acting  on  the  shaft  when  it  is  horizontal  and  at  rest. 

2  It  should  be  noted  that  in  the  case  of  uniformly  distributed 
loads  the  summations  under  the  radical  in  this  formula  become  inte- 
grations. If  these  integrations  are  carried  out  for  the  four  cases  of 
uniformly  distributed  loads  in  Mr.  Weaver's  table  it  is  found  that  the 
error  involved  is  a  small  fraction  of  one  per  cent. 

3  In  the  case  of  a  shaft  of  constant  diameter  with  two  loads  sym- 
metrically situated  (two  or  more  bearings),  the  formula  follows 
directly  without  seeking  support  from  Rayleigh's  theorem.    This  i? 

1  Philosophical  Magazine  Vol.  7,  p. 542. 
'  Engineering  (London),  August  1909. 
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also  true  for  any  number  of  loads  so  situated  that  the  deflection 
under  each  load  is  the  same 

4  It  is  also  easy  to  see  that  the  formula  covers  the  case  of  a  shaft 
of  constant  or  variable  diameter  with  a  single  load.  In  applying  the 
formula  to  shafts  having  more  than  one  span  (three  bearings  or  two 
bearings  with  overhanging  load),  it  should  be  seen  that  the  elastic 
curve  has  zero  deflection  at  the  bearings  only,  for  the  reason  that  at 
the  first  critical  speed,  nodes  can  only  exist  at  the  bearings.  On 
account  of  this  it  will  in  general  be  necessary  to  consider  the  loads  on 
the  two  spans  of  a  two-bearing  machine  as  acting  in  opposite  direc- 
tions and  find  the  shaft  deflection  at  the  loads  under  this  condition. 
For  all  cases  other  than  the  ones  mentioned  above,  the  formula  is 
not  exact,  but  is  only  a  close  approximation.  Numerical  comparisons 
made  in  a  number  of  particular  cases  with  the  exact  formulae  for  two 
loads  showed  very  close  agreement.  As  already  stated,  the  formula 
appHes  to  a  shaft  with  any  number  of  loads.  For  such  cases  it  was 
compared  with  a  laborious  method  of  successive  approximations 
given  by  Stodola,^  for  each  of  which  the  agreement  was  very  satis- 
factory. 

The  Author.  English  writers  have  considered  this  subjectas  a 
vibration  produced  by  an  external  disturbance.  Their  mathematical 
work  has  consisted  in  calculating  the  natural  period  ofvibration. 
Then  the  shaft  can  absorb  the  energy  from  a  synchronous  disturb- 
ance such  as  the  lash  of  the  belt,  the  throb  of  the  engine  or  other 
driving  mechanism  and  increase  the  amplitude  of  the  vibration. 
Dr.  Chree  pointed  out  that  the  centrifugal  force  arising  from  a  dis- 
placement is  opposed  to  the  elastic  force  or  the  "righting"  force  of  the 
natural  vibration,  so  that  the  frequency  of  vibration  is  decreased; 
and  that  at  the  critical  speed  the  frequency  is  zero  when  the  centri- 
fugal force  neutralizes  the  elastic  force  and  there  is  nothing  to  restore 
the  original  shape. 

2  German  writers  have  considered  the  phenomena  as  caused  by 
a  disturbing  force  in  the  system  itself,  the  centrifugal  force  of  the 
center  of  gravity  of  the  mass  when  not  exactly  coinciding  with  the 
center  of  the  shaft,  which  is  always  the  case  in  practice. 

8  Mathematically,  the  last  supposition  has  the  advantage  of 
showing  the  amplitude  of  vibration  at  speeds  other  than  the  critical 
value,  particularly  for  two  loads  on  the  same  shaft  which  show  a 
minimum  vibrating  speed  between  two  critical  speeds. 

1  Stodola's  Die  Dampfturhinen,  3rd  edition,  1905,  p.  192. 
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INTERNATIONAL    RAILWAY    CONGRESS 

At  the  opening  of  the  International  Railway  Congress  at  the  Casino  in  the 
city  of  Berne,  Switzerland,  the  American  attendance  was  much  larger  than  at 
any  other  previous  congress,  excepting  that  held  at  Washington  in  1905.  The 
Congress  was  formally  opened  with  an  address  of  welcome  in  behalf  of  the  Swiss 
government  by  the  federal  counsellor  and  honorary  president  of  the  Congress, 
M.  Forrer,  chief  of  the  Department  of  Post  and  Railways.  He  was  followed  by 
M.  Dubois  of  Belgium,  president  of  the  Congress,  who  traced  briefly  the  his- 
tory of  the  Congress  and  outlined  the  work  of  the  present  session.  The  subjects 
under  discussion  were,  Railways  and  Waterways,  Motor  Cars  for  Passenger 
Service,  Rail  Joints,  Reinforcement  of  Permanent  Bridges  in  View  of  Increased 
Weight  and  Speed  of  Trains,  Light  Railways  and  Service  by  Automobiles  and 
Passenger  Tickets. 

Six  reports  on  the  subject  of  steel  for  freight  and  passenger  cars  were  given 
at  the  meeting  of  Section  2.  A  long  report  was  presented  by  Mr.  D.  F.  Craw- 
ford, Mem.Am.Soc.M.E.,  of  the  Pennsylvania  Railroad  Company.  The  greater 
part  of  the  report  deals  with  freight  car  construction,  and  Mr.  Crawfoid  pointed 
out  that  since  1897  there  has  been  a  rapid  development  in  the  use  of  steel  for 
both  the  parts  of  freight  cars  and  the  entire  construction  with  the  result  that  a 
great  industry  had  been  created. 

Among  other  American  delegates  present  were  Mr.  F.  William  Mahl  and  Wil- 
liam R.  Webster,  both  members  of  the  Society.    The  Congress  closed  July  14. 

AMERICAN    PEAT    SOCIETY 

The  American  Peat  Society  held  its  fourth  annual  meeting  in  Ottowa,  Canada, 
July  25-27,  1910,  with  an  interesting  program  which  included  the  inspection 
of  the  fuel-testing  plant  operated  by  the  Canadian  government  at  Ottowa, 
which  is  equipped  for  testing  peat  for  fuel  purposes.  Two  sessions  were  devoted 
to  papers  presented  by  Dr.  Joseph  H.  Pratt,  State  Geologist  of  North  Carolina, 
Dr.  T.  A.  Mighill,  Boston,  Mass.,  Prof.  Chas.  A.  Davis,  Peat  Expert  of  the 
United  States  Bureau  of  Mines,  M.  Max  Toltz,  St.  Paul,  Minn.,  and  Prof. 
R.  H.  Fernald,  Producer  Gas  Expert  of  the  United  States  Bureau  of  Mines. 

The  arrangements  for  the  meeting  were  made  for  the  most  part  under  the 
direction  of  the  president  of  the  society.  Dr.  Eugene  Haanel,  Director  of  the 
Department  of  Mines  of  the  Dominion  Government, 

NATIONAL    ASSOCIATION    OF    MASTER    SHEET    METAL    WORKERS 

The  National  Association  of  Master  Sheet  Metal  Workers'  sixth  annual  eoni''- 
vention  was  held  at  Lulu  Temple,  Philadelphia.  Pa.,  August  10-13.  After^h^'- 
formal  opening  and  reports  of  officials  and  eommittt'es  there  were  leetiffHesbfi-^-' 
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Wednesday  evening  on  Builders'  and  Architects'  Night  illustrated  with  stere- 
optican  views;  The  Superiority  of  Warm  Air  Heating  Systems  bj'  Dr.  Wm.  F. 
Colbert,  the  official  lecturer  of  the  Federal  Furnace  League.  There  were  also 
tests  of  Toncan  Metal  by  A.  T.  English;  Ingot  Iron  by  J.  H.  Aurpperle  and  Tin- 
plate  by  H.  N.  Taylor.  On  Thursday  M.  G.  Sellers  gave  an  address  on  A  Suc- 
cessful Labor  Bureau  and  a  committee  report  followed  on  How  to  Obtain  Better 
Prices  for  New  Contract  Work.  The  Friday  morning  session  was  opened  with 
an  address  by  Charles  S.  Prizer,  President  of  the  Federal  Furnace  League,  on 
the  relationship  between  the  National  Association  of  Master  Sheet  Metal 
Workers  and  the  Federal  Furnace  League.  A  report  on  warm-air  furnaces 
concluded  the  professional  program. 

INTERNATIONAL    RAILWAY    MASTER    BLACKSMITHS'    ASSOCIATION 

A  feature  of  the  annual  convention  of  the  International  Blacksmiths'  Asso- 
ciation, held  in  Detroit,  Mich.,  August  16-18  was  a  trip  by  special  train  to  Tiffin, 
Ohio,  to  visit  the  works  of  the  National  Machinery  Company,  where  over  fifty 
machines  were  on  exhibition  most  of  which  were  in  operation.  The  machines 
included  forging  machines,  bolt  headers,  automatic  machines  for  tapping  and 
burring  hot  pressed  nuts,  continuous  and  automatic  rivet  machines,  vertical 
roll  threaders  for  handling  bolts  and  long  lods,  etc.  The  intention  of  the  visit 
was  to  familiarize  railway  officers  and  foremen  with  new  designs  especially 
adapted  to  railway  shop  service. 

SOCIETY   OF   AUTOMOBILE    ENGINEERS 

The  Society  of  Automobile  Engineers  held  its  summer  meeting  at  Detroit, 
July  28-31.  A  great  step  in  advance  was  made  in  starting  the  work  of  standard- 
izing all  things  in  automobile  engineeiing  which  would  facilitate  economic 
production  and  benefit  the  public  in  both  original  cost  and  replacement.  This 
fact  was  evidenced  in  the  many  papers  read,  among  which  were  Specification 
and  Heat-Treatment  of  Automobile  Material,  Henry  Souther,  Mem.Am.Soc. 
M.E.;  Testing  the  Hardness  of  Metal,  A.  F.  Shore;  Basis  of  Motor  Car  Taxa- 
tion, Charles  T.  Terry.  Prof.  W.  H.  Bristol,  Mem.Am.Soc.M.E.,  demonstrated 
some  specially  piepared  apparatus  used  in  connection  with  the  pyrometrical 
measurement  of  temperatures  in  the  heat-treatment  of  steels;  F.  S.  Ward  des- 
cribed his  new  method  of  grinding  spur  gears;  Eugene  P.  Batzell  presented 
a  paper  on  his  study  of  slide,  rotary  and  piston  valves  for  gas  engines  and  F.  D. 
Howe  summarized  for  the  meeting  the  matter  of  ill-smelling  and  smoky  ex- 
hausts from  gas  engines. 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

A  meeting  of  the  American  Society  of  Civil  Engineers  was  held  at  the  Palace 
Hotel,  San  Francisco,  Cal.,  August  19.  A  papei  on  A  Study  of  the  Present 
Water  Supply  of  the  City  of  Sacramento  and  a  Proposed  Means  of  Improvement 
was  presented  by  Charles  G.  Hyde.  The  following  papers  were  discussed; 
Pressure  Resistance  and  Stability  of  Earth,  J.  C.  Meem;  Reinforced  Concrete 
Pier  Construction,  Eugene  Klapp;  Remedies  for  Land  Slides  and  Slips  on'' the 
Kanawha  and  Michigan  Railway,  R.  P.  Black;  The  Ultimate  Load  on  Pile 
Foundations:  A  Static  Theory,  John^H.  Griffith. 
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George  E.  Crawley  has  become  connected  with  the  construction  depart- 
ment of  the  Western  Union  Telegraph  Co.,  New  York.  Mr.  Crawley  was 
until  recently  associated  with  the  Gold  and  Stock  Telegraph  Co.,  New  York. 

John  T.  Croghan  has  become  associated  with  Stone  &  Webster  Corporation, 
Pittsficld,  Mass.  Mr.  Croghan  was  formerly  in  the  employ  of  the  Concord 
Electric  Co.,  Concord,  N.  H.,  as  chief  engineer. 

J.  Edmonds  Forgy,  formerly  associated  with  the  E.  I.  Du  Pont  de  Nemours 
Powder  Co.,  Wilmington,  Del.,  has  accepted  a  position  with  the  Charles 
Warner  Co.  of  the  same  city. 

A.  L.  G.  Fritz,  recently  associated  with  the  Hartford  Suspension  Co.,  Jersey 
City,  N.  J.,  as  chief  draftsman,  has  become  superintendent  of  construction 
of  the  New  England  Engineering  Co.,  New  York. 

Albert  W.  Howe,  formerly  engineer  and  representative  of  the  Standard 
Plunger  Elevator  Co.,  New  York,  has  resigned  his  position  to  accept  that  of 
eastern  manager  of  the  H.  J.  Reedy  Co.,  Cincinnati,  O.,  and  has  opened  an 
office  in  New  York. 

Herman  Jakobsson,  until  recently  ordnance  designer.  Bureau  of  Ordnance, 
War  Department,  Washington  D.  C,  has  opened  a  consulting  engineer's 
office  in  the  same  city. 

Roy  S.  King,  formerly  general  superintendent  of  the  Hall-Cronan  Co., 
Dayton,  O.,  is  now  in  the  engineering  department  of  the  Indiana  Steel  Co., 
Gary,  Ind. 

Thomas  H.  Mirkill,  Jr.  has  become  general  manager  of  the  Poole  Engineer- 
ing &  Machine  Co.,  Baltimore,  Md.  Until  recently  he  was  connected  with  the 
Southward  Foundry  and  Machine  Co.,  Philadelphia,  Pa.,  in  the  same  capacity. 

Wm.  H.  Morse,  formerly  secretary  of  the  Morgan  Construction  Co.,  Worces- 
ter, Mass.,  has  become  assistant  vice-president  of  the  A.  Garrison  Foundry 
Co.,  Pittsburg,  Pa. 

James  O.  Pape  has  severed  his  connection  with  the  Pittsburg  Valve  and 
Fittings  Co.,  Barberton,  O.,  to  accept  a  position  with  the  Chase  Grain  Co., 
Chase,  Ind. 
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Geo.  M.  Peek  has  accepted  the  position  of  mechanical  engineer,  construc- 
tion department  of  the  Water  Department  of  St.  Louis,  Mo. 

L.  R.  Pomeroy,  until  recently  assistant  to  the  president  of  the  Safety  Car 
Heating  and  Lighting  Co.,  New  York,  has  become  chief  engineer  of  the  Rail- 
way and  Industrial  Division  of  J.  G.  White  &  Co. 

Paul  S.  Rattle,  connected  with  the  Hicks  Locomotive  &  Car  Works,  Chicago, 
111.,  will  represent  that  company  in  Denver,  Colo.,  hereafter. 

Edwin  B.  Ricketts  has  been  appointed  supervising  engineer  of  the  U.  S. 
Glass  Co.,  Pittsburg,  Pa.  He  was  formerly  chemist  of  the  New  York  Edison 
Co. 

Norman  B.  Roper,  formerly  identified  with  the  Power  &  Mining  Machinery 
Co.,  Cudahy,  Wis.,  as  engineer  and  salesman,  has  accepted  a  position  with 
the  Cerro  de  Pasco  Mining  Co.,  Peru,  South  America,  in  the  capacity  of 
mechanical  superintendent. 

M.  W.  Sherwood  has  entered  the  employ  of  the  Chicago  Pneumatic  Tool 
Co.,  Chicago,  111.  Mr.  Sherwood  was  formerly  general  inspector  of  the  Board 
of  Aqueduct  Commissioners,  New  York. 

Hermann  Stephenson  has  accepted  a  position  with  the  Brighton  Mills, 
Passaic,  N.  J.  He  was  formerly  instructor  of  experimental  engineering, 
Cornell  University,  Ithaca,  N.  Y. 

John  A.  Stevens  has  been  appointed  by  Governor  Draper  to  a  second  term 
of  three  years  as  a  member  of  the  Massachusetts  Board  of  Boiler  Rules. 

Sidney  Withington,  recently  associated  with  the  experimental  department 
of  the  Walworth  Manufacturing  Co.,  South  Boston,  Mass.,  has  become  iden- 
tified with  the  electrification  department  of  the  New  York,  New  Haven  and 
Hartford  Railroad  Co.,  New  Haven,  Conn. 


ACCESSIONS  TO  THE  LIBRARY 

This  list  Includes  only  accessions  to  the  library  of  this  Society,  Included  In  the  Engineering 
Library.  Lists  of  accessions  to  the  libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  E.  can  be  secured  on 
request  from  Calvin  W.  Rice,  Sscretary,  Am.  Soo.  M.  E. 

American  Society  OF  Mechanical  Engineers.     The  Journal.     Vol.  32,  No. 

1-6.     New   York,   1910. 
American  Society  of  Municipal  Improvement.     Proceedings  of  the  13th 

annual  convention,  Birmingham,  Ala.,  October  2-12,  1906.     Gift  of  the 

Society. 
Ciencias  Medicas  e  Higiene.     Tomo  2.     Santiago  de  Chile,  1910.     Gift. 
City  Planning  for  Pittsburg.     Outline  and  Procedure.     Pittsburg  Civic 

Commission,  1910.     Gift  of  J.  R.  Bibbins. 
Engineers  Club  of  Philadelphia.     Directory,   1909.     Philadelphia,  1909. 

Gift  of  the  Society. 
Etude    Experimentale    du    Ciment    Arme.      By    R.  Ferret.     Paris,  1906. 
Institut  Politechnique  de  1"  Empereur  Alexandre  II  A  Kiev.    Annales. 

Book,    1,    1910.     Kiev,    1910.     Gift   of    Institut   Politechnique. 
International  Railroad  Master  Blacksmiths'  Association.     Report  of 

the   proceedings  of  the  16th  annual  convention,  1908.     Lima,  0.,  1908. 

Gift  of  the  Society. 
La   France   Automobile.     Vol.    1-14.     1896-1909.     Paris,   1896-1909. 
Locomotive  Actuelle.     Etude  Generale  sur  les  types  recents  de  locomotives 

a  grande  puissance.  Paris,  1906. 
Metropolitan  Sewerage  Commission  of  New  York.    Report,  1910.  New 

York,   1910.     Gift  of  the  commission. 
Michigan  Electric  Association.     Sixth  annual  convention,  August  17-19, 

1909.  Detroit.     Gift  of  the  association. 

National  Commercial  Gas  Association.  Monthly  Bulletin.  Vol.  1,  No. 
13-16.     New    York,    1910. 

Proceedings  of  the  5th  Annual  Meeting,   December  14-17,   1909. 

New  York,  1909.     Gift  of  the  association. 

Natural  Gas  Association  of  America.  Officers,  1909-1910.  Gift  of  the 
association. 

New  York  City  Docks  &  Ferries  Dept.  Report  on  transportation  condi- 
tions of  the  port  of  New  York,  with  special  reference  to  a  joint  railroad 
terminal  in  Manhattan  on  the  North  River  above  25th  St.     New  York, 

1910.  Gift  of  C.  Tomkins,  Comr.  of  Docks. 

Railway  Club  OF  Pittsburg.     Proceedings.     Vol.  1-7.     Pittsburg,  1901-1908. 

ScRANTON  Engineers  Club.  Directory,^  charter^  and^constitution.  1910. 
Scr anion,  1910.     Gift  ot  the  club. 

Traveling  Engineers  Association.  Committee  reports  and  subjects  for  dis- 
cussion.    Eighteenth  annual  meeting,  August  16-19,  1910.     1910.    Gift. 
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EXCHANGES 

American  Society  of  Heating  and  Ventilating  Engineers.    Transactions. 

Vol.   14,   1910.     New   York,  1908. 
Municipal  Engineers  of  the  City  of  New  York.    Proceedings,    1909. 

New  York,  1909. 

TRADE    PUBLICATIONS 

Allis-Chalmers  Co.,  Milwaukee,  Wis.  Bull.  No.  1054.  Allis-Chalmers 
steam  turbines  and  generators,  43  pp. 

Bristol  Co.,  Waterbury,  Conn.  Illustrated  catalogue  for  Bristol's  record- 
ing instruments  for  pressure,  temperature  and  electricity,  64  pp. 

Broderick  &  Bascom  Rope  Co.,  St.  Louis,  Mo.  Underground  wire  rope 
haulage  as  successfully  applied  in  the  workings  of  the  Coal  Valley 
Mining  Co.,  Sherrard  and  Cable,  111.,  25  pp. 

Frick^Co.,  Waynesboro,  Pa.     Refrigerating  and  ice-making  machinery,  171pp. 

Handy  Index  Co.,  New  York.  Handy  Index  for  architects,  engineers,  build- 
ers and  contractors,  July  1910,  64  pp. 

Industrial  Instrument  Co.,  Foxboro,  Mass.  Foxboro  Recorder,  Vol.  2, 
No.  3,  containing  a  series  of  papers  about  the  manufacture  and  use  of 
instruments,  48  pp. 

Lippincott  Steam  Speciality  &  Supply  Co.,  Newark,  N.  J.  Lippincott 
faucet,  engine  indicators,  reducing  wheels  and  planimeters,  24  pp. 

Manistee  Iron  Works  Co.,  Manistee,  Mich.  Buttman  vertical  steam  boilers 
and  stokers,  16  pp. 

Ohio  Brass  Co.,  Mansfield,  0.  Bulletin  devoted  to  electric  railway  and 
mine  haulage  material,  24  pp. 

Wm.  Wurdack  Elec.  Mfg.  Co.,  Si.  Louis,  Mo,  Switches,  switchboards 
panelboards,  cabinets  and  fronts,  11  pp. 


UNITED  ENGINEERING  SOCIETY 

New  International  Year  Book,  1909.    New  York,  Dodd,  Mead,  &  Co., 
1910. 

GET    OF    ASSOCIATION    OF    AMERICAN    STEEL    MANUFACTURERS 

Standard  specifications  governing  the  allowable  variations  in  size  and  weight 

^_        of  hot  rolled  bars,  as  adopted  by  the  association,  1910. 

Standard  specifications  governing  the  chemical  and  physical  properties  of 

bessemer  steel  rails,  as  adopted  by  the  association,  May  24,  1906. 
Standard  specifications  governing  the  chemical    and  physical   properties  of 

concrete  reinforcement  bars,  as  adopted  by  the  association,  1910. 
Standard  specifications  governing  the  chemical  and  physical  properties  of 

structural  and  special  open-hearth  plate  and  rivet  steel,  as  adopted 

by  the  association,  August  9,  1895,  revised  February  17,  1896,  October 

23,  1896,  April  19,  1902,  February  6,  1903. 


EMPLOYMENT  BULLETIN 

The  Society  has  always  considered  it  a  special  obligation  and  pleasant  duty  to  be  the  medium 
of  securing  better  positions  for  its  members.  The  Secretary  gives  this  his  personal  attention 
and  is  most  anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are 
not  repeated  except  upon  special  request.  Copy  for  notices  in  this  Bulletin  should  be  received 
before  the  12th  of  the  month.  The  list  of  men  available  is  made  up  of  members  of  the  Society 
and  these  are  on  file,  with  the  names  of  other  good  men  not  members  of  the  Society,  who  are 
capable  of  filling  responsible  positions.      Information  will  be  sent  upon  application. 

POSITIONS  AVAILABLE 

043  Lecturer  in  machine  design  in  university  in  Canada.  Must  be  a  tech- 
nical graduate  and  have  had  experience  in  the  drafting  room.  Eight  months' 
term,  salary  $1200. 

044  Machine  shop  foreman,  accustomed  to  the  manufacture  of  heavy 
machine  tools,  especially  punches,  shears,  etc.  Must  have  executive  ability 
and  be  able  to  produce  good  work  economically. 

045  Wanted,  in  an  eastern  college,  assistant  professor  of  experimental 
engineering,  to  take  charge  of  courses  in  the  mechanical  laboratory.  In 
replying,  state  technical  education,  practical  experience,  especially  in  experi- 
mental work,  and  salary  expected. 

046  Old  established  manufacturing  business  needs  a  business  manager, 
able  to  take  an  interest  of  ten  to  twenty  thousand  dollars.  Engineering  fea- 
tures can  be  eliminated  or  separated.  Attractive  profits  have  been  made  for 
thirty  years.  Present  manager  would  give  part  time  for  one  or  two  year 
when    needed. 

MEN    AVAILABLE 

104  Member,  engineer  graduate  United  States  Naval  Academy.  Has 
served  on  teaching  staff  of  technical  school  and  university,  editorial  work, 
and  scientific  research  for  large  engineering  concern.  Wishes  responsible 
position  in  these  or  similar  lines. 

105  Member,  with  wide  experience  in  engineering,  manufacturing  and 
management,  soon  to  complete  study  of  law;  desires  to  connect  with  law  firm, 
large  manufacturers  or  corporation  requiring  man  of  practical  and  executive 
ability  to  handle  business  involving  legal  and  mechanical  work. 

106  Young  engineer.  Junior  member,  experienced  in  steel  works,  industrial 
engineering;  administrative  work,  steam  engineering  and  operation.  Tech- 
nical graduate. 

107  Junior,  member  technical  graduate,  desires  position  as  superintendent 
or  assistant,  with  opportunity  to  apply  broad  experience  in  systematizing 
and  handling  men.     Mill,   foundry  or  metallurgical  work  preferred. 
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108  Graduate  Mass.  Inst,  of  Tech.  in  mechanical  engineering;  four  years' 
experience  in  practical  shop  work,  general  drafting  and  minor  executive;  de- 
sires position  as  draftsman  with  consulting  engineers  or  assistant  superinten- 
dent in  industrial  plant. 

109  Junior  member,  graduate  mechanical  engineer,  experienced  manufac- 
turing plant  design  and  installation.  At  present  occupying  executive  posi- 
tion in  manufacturing  concern.  Desirous  of  securing  similar  position  in  engi- 
neering or  manufacturing  company  where  chances  of  advancement  are  greater. 
Salary  $2400. 

110  Member,  technical  training,  35  years  of  age.  Twelve  years  excellent 
experience  general  machine,  foundry  and  structural  business,  draftsman, 
chief  draftsman,  estimator  and  travelling  engineer.  At  present,  mechanical 
engineer  large  machine  works  and  jobbing  shops. 

HI  Experienced  civil  and  mechanical  engineer,  designing,  construction, 
selling,  installation  and  operation  departments  of  modern  power  equipment 
and  manufacturing  plants;  wide  personal  acquaintance  United  States,  Canada, 
Great  Br  tain  and  the  continent;  successful  in  dealing  with  United  States 
and  foreign  government  engineer  departments,  municipal  and  other  public 
works;  familiar  with  modern  office,  shop  organization  and  costs;  drafting 
specifications  and  contracts;  good  correspondent  and  executive;  active,  ener- 
getic and  resourceful;  eastern  Member. 

112  General  superintendent,  mechanical  engineer,  at  present  organizing 
new  factory;  desires  to  make  change  about  September  15.  Eighteen  years 
executive  experience,  shop  organization  and  costs,  covering  machines,  tool 
design  and  efficiency,  production  methods,  shapes  of  tools,  speeds  and  feeds, 
belt  tensions  and  treatments,  drop  forging  and  ornamental  work,  dies  of  all 
kinds.  Particularly  experienced  manufacturing  machine  tools,  automobiles 
and  general  hardware.  Good  appearance,  very  active;  highest  references. 
Member,  minimum  salary,  $4000. 

113  Technical  graduate,  over  20  years  direct  experience  in  practical  affairs 
of  machine  shop  and  foundry.  For  last  12  years,  specialized  as  superintendent 
and  works  manager  in  modern  methods.  Demonstrated  ability  as  organizer 
and  executive.  Desires  position  with  aggressive  growing  concern  as  superin- 
tendent or  manager;  will  purchase  an  interest  if  desirable. 

114  New  York  member,  30  years'  experience  designing  and  superintend- 
ing manufacture  of  engines,  special  and  general  machinery;  power  plant, 
factory  revision  and  installation;  process  improvement.  Desires  position 
with  company  requiring  services  of  experienced  mechanical  engineer. 

115  Associate,  n)ore  than  fourteen  years'  drawing  room  experience;  de- 
sires to  make  change,  preferably  in  the  East.  Would  prefer  position  as 
checker  or  squad  foreman  on  rolling  mill,  steel  works,  smelting  machinery 
or  allied  lines. 
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CHANGES  OF  ADDRESS 

ALEXANDER,  Chas.  A.  (1899;  1905),  Engr.  and  Contr.,  Bldrs.'  Exch.,  and 

for  mail,  64  Cornell  St.,  Rochester,  N.  Y. 
BAENDER,  Fred.  Geo.,  (Junior,  1909),  Fife,  Ore. 
BARBIERI,  Cesare  (1908),  Cons.  Mech.  Engr.,  Old  Colony  Bldg.,  Dearborn 

&  Van  Buren  Sts.,  and  921  Leland  Ave.,  Chicago,  111. 
BENSON,  Orville  (1901),  Pequannock,  N.  J. 
BOYD,  John  T.  (1887),  57  Oliver  St.,  Boston,  Mass. 
BROOKS,  Paul  R.    (1905;  1909),  Estate  of  Jonathan  W.  Brooks,  Mission, 

Texas. 
CASE,  Milo  McClelland   (Junior,   1909),  Supt.,  Champion  Mchy.  Co.,   and 

for  mail,  163  Illinois  St.,  Joliet,  111. 
COLE,  Cyrus  L.  (Junior,  1908),  549  66th  Ave.,  Milwaukee,  Wis. 
CORE,  W.  Wallace  (Junior,  1907),  Cons.  Engr.,  165  Sherman  Ave.,  Newark, 

N.   J. 
CRAWLEY,  George  E.  (Junior,  1908),  Constr.   Dept.,   Western  Union  Tel. 

Co.,  195  Broadway,  and /or  mail,  548  W.  124th  St.,  New  York,  N.  Y. 
CROGHAN,  John  T.   (Associate,   1909),  Stone  &  Webster  Corp.,  Box  845, 

Pittsfield  Mass. 
CURTIS,  Greely,  S.  (1897;  1904),  Marblehead,  Mass. 
DAWLEY,  Clarence  A.  (Junior,  1904),  Cons.  Engr.,  39  Cortlandt  St.,  New 

York,  N.  Y. 
FLANDERS,  Ralph  E.  (Associate,  1908),  Springfield,  Vt. 
FOSTER,  Horatio  A.  (1895),  521  San  Fernando  Bldg.,  Los  Angeles,  Cal. 
FOX,  William  (1909),  Asso.  Prof.  Physics,  College  of  the  City  of  N.  Y.,  139th. 

St.  and  Convent  Ave.,  and  for  mail,  575  W.  183rd  St.,  New  York,  N.  Y. 
FREDERICK,  Floyd  Willis  (1907),  Mech.  Engr.,  Natl.  Board  of  Fire  Under- 
writers, 45  Buckingham  Bldg.,  Waterbury,  Conn.,  and  for  mail,  315  S. 

Ind.  St.,  Bangor,  Pa. 
FRITZ,  Aime  L.  G.  (Junior,  1907),  Supt.  of  Constr.,  New  England  Eng.  Co., 

50  Church  St.,  New  York,  N.  Y.,  and /or  mail,  99Elmwood  St.,  Woodhaven 

L.    I.,    N.   Y. 
GERNANDT,  Waldo  George   (Junior,  1910),  Factory  Engr.,  Rapid  Motor 

Vehicle  Co.,  and  for  mail,  Box  497,  Pontiac,  Mich. 
GRIMM,  PaulH.  (1890).  Cons.  Engr.  311  Spring  St.,  New  York  and  Glen  Cove, 

L.  I.,  N.  Y. 
HAGLUND,  Gustav  (Junior,  1909),  Jamaica  Junction,  L.  I.,  N.  Y. 
HALL,  Morris  A.    (1905;  Associate,   1906),   care  New  England  Automobile 

Journal,  Times  Bldg.,   Pawtucket,  R.   I.  '        ' 
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HILLYER,  George,  Jr.   (1898;  Associate,  1904),  Broad  River  Granite  Co., 

Candler  Bldg.,  and  for  mail,  5  Crew  St.,  Atlanta,  Ga. 
HOWE,  Albert  W.  (1903),  Eastern  Mgr.  H.  J.  Reedy  Co.,  Ill  Broadway,  New 

York,  and  for  mail,  Hotel  St.  George,  Brooklyn,  N.  Y. 
HURLEY,  Daniel  (Junior,  1904),  Cons.  Engr.,  1325  M  St.,  N.  W.,  Washing- 
ton, D.  C,  and  42  E.  Manning  St.,  Providence,  R.  I. 
HUTTON,  Mancius  S.  (Junior,  1908),  Junior  Salesman,  Am.  Radiator  Co., 

Bundy  Dept.,  104  W.  42nd  St.,  and /or  mail,  257  W.  88th  St.,  New  York, 

N.  Y. 
INSLEE,  Heber  Clyde  (1907),  Engr.  on  Plant  Work,  Babcock  &  Wilcox  Co., 

Bayonne,  N.  J. 
JAKOBSSON,  Herman  (1907),  Cons.  Engr.,  303  Victor  Bldg.,  724  Ninth  St. 

N.  W.,  and  3  Stanley  Apts.,  Harvard  St.,  Washington,  D.  C. 
JOHNSTONE,  Francis  W.  (1909),  The  Natl.  Iron  &  Steel  Wks.,  S.  A.,  Cal- 

zada  de  los  Gallos,  Mexico  City,  Mexico,  D.  F. 
KING,  Roy  S.  (1904;  1910),   Engr.  Dept.,  Indiana  Steel  Co.,  and  for  mail, 

609  Jefferson  St.,  Gary,  Ind. 
LARKIN,  Everett  P.  (Junior,  1906),  372  Bement  Ave.,  West  New  Brighton, 

S.   I.,  N.  Y. 
LA  VERY,  Geo.  L.  (1886),  3019  Indiana  Ave.,  and  4300  Ellis  Ave.,  Chicago,  111. 
LEA,  Henry  I.  (1906;  1909),  Cons.  Gas  Engr.,  1517  People  Gas  Bldg.,  and 

6129  Winthrop  Ave.,   Chicago,   111. 
McINTOSH,  William  (1902),  25  Willow  Ave.,  Plainfield,  N.  J. 
MAROT,  Edward  H.  (Junior,  1903),  Hyatt  Roller  Bearing  Co.,  Newark,  and 

for  mail  5  Jefferson  Ave.,  South  Orange,  N.  J. 
MERSHON,  Ralph  D.  (1900),  Cons.  Engr.,  60  Wall    St.,  New  York,  N.  Y. 
MILLER,  Herman  G.   (1908),  Armstrong  Mchy.  Co.,  Spokane,  Wash. 
MIRKIL,  Thomas  H.,     Jr.   (1884),    Genl.  Mgr.,  Poole   Engr.  &   Mah.  Co., 

Woodberry,   Baltimore,   Md. 
MITCHELL,  Chas.  J.  (1908),  Ch.  Draftsman,  Fairbanks,  Morse  Mfg.  Co., 

and  for  mail,  825  Park  Ave.,  Beloit,  Wis. 
MORSE,  William  Horace  (1901;  1903),  Asst.  V.  P.,  A.  Garrison  Fdy.  Co., 

Pittsburg,   Pa. 
MimiFORD,  Edgar  Huidekoper  (1887;  1892),  27  Compton  Ave.,  Plainfield, 

N.  J. 
NORBOM,  John  O.  (1900),  Min.  Engr.,  Alta  Vista,  Berkeley,  Cal. 
OWENS,  Robert  B.   (Associate,  1892),  Secy.,  Franklin  Inst.,  Philadelphia, 

Pa. 
PARE,  James  Otto,  (Junior,  1908),  Chase  Grain  Co.,  Chase,  Ind. 
PEEK,  George  Meredith  (1892;  1900),  Mech.  Engr.,  Constr.  Dept.,  Water 

Wks.,  and /or  mail,  5623  Bartmer  Ave.,  St.  Louis,  Mo. 
POMEROY,  L.  R.  (1890;  1909),  J.  G.  White  &  Co.  Inc.,  43  Exchange  PI.,.  New 

York,  N.  Y.,  and  24  Reynolds  Terrace,  Orange,  N.  J. 
RAPLEY,  Frederick  Harvey  (1905),  M.  Clark>  Co.,  9  New^Broad'St.,  Lon- 
don,  England.  .  .     „.  ..■ 
RATTLE,  Paul  S.  (Junior,  1908),  Rep.,  Hicks  Loco.  &  Car  Wks.,  801-17th 

St.,  Denver,  Colo. 
RICKETTS,  Edwin  B.   (Junior,  1908),  Supervising  Engr.,  The  U.  S.  Glass 

Co.,  9th  and  Bingham  Sts.,  and  5901  .\lder  St.,  Pittsburg,  Pa. 
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ROPER,  Norman  Brownell  (1905),  Mech.  Supt.,  Cerro  de  Pasco  Mining  Co., 

La  Fundicion,  Peru,  S.  A. 
SARGENT,  Chas.  E.  (1891),  530  Marine  Bldg.,  Chicago,  111. 
SERGEANT,  Chas.  H.  (1895),  57  Rose  St.,  New  York. 
SHERWOOD,  Mather  Williams  (1909),  Chicago  Pneumatic  Tool  Co.,  Fisher 

Bldg.,  Chicago,  111. 
SLOMER,  Wm.  Frederick  (1909),  61  W.  Canfield  St.,  Detroit,  Mich. 
SMITH,  William  E.  (Junior,  1908),  Box  95,  College  Corner,  O. 
SPRADO,  Ralph  (1900),  Ch.  Engr.,  Dow  Pumping  Eng.  Co.,  San  Francisco, 

and  for  mail,  911  Grand  St.,  Alameda,  Cal. 
STEENSTRUP,  P.  S.   (1906),  Jacksonville,  Ore. 

STEPHENSON,  Hermann  (Junior,  1909),  Brighton  Mills,   Passaic,  N.  J. 
STIMSON,  Oscar  M.  (1906),  O.  M.  Stimson  &  Co.,  1335  Old  Colony  Bldg., 

Chicago,   111. 
SYMONS  Wilson  E.  (1899),  900  Postal  Telegraph  Bldg.,  Chicago,  111. 
THORNTON,  William  F.  (1909).  Mechanicsburg,  Cumberland  Co.,  Pa. 
THURSTON,  George  H.  (1902),  Asst.  Mech.  Engr.,  Consol.  Goldfieldsof  South 

Africa,  8  Old  Jewery,  London,  England. 
TRASK,  Walter  H.,  Jr.  (Junior,  1908),  Denver  Engr.  Wks.   Co.,  and  for  mail 

845  Pennsylvania  Ave.,  Denver,  Colo. 
WEEKS,  Paul  (Junior,  1905),  Needles,  Cal. 
WELLS,  J.  Barnard  (Junior,  1909),  Draftsman,  A.  T.  &  S.  F.  Ry.  and /or  mail, 

.  301  S.  Boyle  Ave.,  Los  Angeles,  Cal. 
WILEY,  James  M.  (Junior  1909),  Elec.  Engr.,  Holly  Sugar  Co.,  and /or  mail, 

Swink,  Colo. 
WILLISTON,  Arthur  L.  (1896;  1899),  care  W.  W.  Simmons,  102  Bay  St.,  Man- 
chester,  N.  H. 
WINTERROWD,  William  H.  (Junior,  1907),  Asst.  Engr.  Mech.  Dept.,  N.  Y. 

Central  Lines,  and  for  mail,  The  Arden,  E.  18th  St.,  Cleveland,  O. 
WITHINGTON,  Sidney  (Junior,  1908),  Elec.  Dept.,  N.  Y.  N.  H.  &  H.  R.  R. 

Co.,  New  Haven,  Conn. 


NEW  MEMBERS 

ABRAHAMS,  M.  Landa  (Junior,   1910),   Inspr.  of  Mchy.,   Isthmian  Canal 

Com.,  Washington,  D.  C. 
ADAMS,  John  (Junior,  1910),  Estimator,  Otis  Elev.  Co.,  New  York,  and 

for  mail,  4093  Ferris  St.,  Woodhaven,  L.  I.,  N.  Y. 
CUNNINGHAM,  George  H.  (Junior,  1910),  Draftsman,  Va.  Bridge  &  Iron 

Co.,  and  for  mail.  Box  487,  Roanoke,  Va. 
DuBARRY,  Ed.  G.,  (Junior,  1910),  Pittsburg  Valve  and  Fittings  Co.,  and 

for  mail,  5321  Penn  Ave.,   Pittsburg,   Pa. 
CARTER,  Harold  Thomas  (Junior,  1910),  Engr.,  Water  Works,  Aish  Bagh, 

Lucknow,    India. 
GLADFELTER,  Herbert  S.    (Junior,  1910),  Inspr.,  Mech.  Engr.  in  charge 

Levee  Mch.  with  Civil  Service,  Modoc,   Ark. 
HENDERSON,  Clark  T.  (Junior,  1910),  Elec.  and  Mech.  Engr.,  Cutler  Ham- 
mer Mfg.  Co.,  Milwaukee,  Wis. 
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PORTER,  HoUis  P.   (1910),  Pres.  and  Mgr.,  Schlafli  &  Porter  Co.,  Engrs., 

206  Stewart  Bldg.,  Houston,   Texas. 
PRICE,  William  T.  (Junior,  1910),  Phila.  Rep.,  De  La  Vergne  Mch.  Co.,  380 

Bourse  Bldg.,  Philadelphia,  Pa.,  and  Glen  Lake,   Pitman,   N.   J. 
ROBINSON,  Mark  (1909),  care  Mrs.    Huntington,  1  Canning  St.,  Waterloo, 

nr.  Liverpool,  England. 
ROSS,  Philip  Lawrence  (Junior,  1910),  Proposition  Dept.,  Babcock  &  Wilcox 

Co.,  Bayonne,  and  for  mail,  40  Milford  Ave.,  Newark,  N.  J. 

PROMOTIONS 

HENES,  Louis  G.  (1903;  Associate,  1910),  Mgr.,  Manning,  Maxwell  &  Moore. 

Inc.,  Mgr.,  Commer.  Acetylene  Co.,  Mgr.,  Ry.  Materials  Co.,  247-249 

Monadnock  Bldg.,  San  Francisco,  and  Key  Route  Hotel,  Oakland,  Cal. 
MAHL,  F.  W.  (1892;  1910),  Asst.  to  Dir.  Maintenance  and  Operation,  Union 

Pacific  System  and  Southern  Pacific  Co.,  135  Adams  St.,  Chicago,  and 

for  mail,  1019  Michigan  Ave.,  Evanston,  111. 

DEATHS 

CLARK,  Charles  B.,  March  24,   1910. 
DUNCAN,  J.  D.  E.,  July  13,  1910. 
FAULKS,  James  B.,  Jr.,  July  14,  1910. 


GAS  POWER  SECTION 

CHANGES  OF  ADDRESS 

BAENDER,  Fred.  Geo.  (1909),  Mem.Am.Soc.M.E. 

CRAWLEY,  George  E.   (1908),     Mem.Am.Soc.M.E. 

DAWLEY,   Clarence  A.    (1908),   Mem.Am.Soc.M.E. 

LEA,   Henry   L    (1908),   Mem.Am.Soc.M.E. 

MITCHELL,  Chas.  J.  (1909),  Mem.Am.Soc.M.E. 

MORDEN  Chas.  Whitney  (Affiliate,  1909),  586  Everett  St.,  Portland,  Ore. 

SARGEANT,   Chas.   E.    (1908),   Mem.Am.Soc.M.E. 

SERGEANT,  Chas.  H.   (1908),  Mem.Am.Soc.M.E. 

TYLEE,  Don  0.   (Affiliate,  1909),  755  Franklin  Ave.,  Wilkinsburg,  Pa. 


STUDENT  BRANCHES 

CHANGES  OF  ADDRESS 

BASS,  L.  D.    (Student,   1910),  Canton,   111. 

BECK,  George,  Jr.,  (Student,  1909),  95  Sussex  Ave.,  East  Orange,  N.  J. 
BENBOW,  J.  R.  (Student,  1910),  529  High  St.,  Pottstown,  Pa. 
BERGER,  Julius  G.  (Student,  1909),  104  S.  Common  St.,  Lynn,  Mass. 
BOLGIANO,  J.  R.  (Student,  1909),  Security  Cement  &  Lime  Co.,  Security 

Md. 
BOWER,  F.  A.  (Student,  1909),  547  Hancock  St.,  Brooklyn,  N.  Y. 
BUTLER,  W.  C.  M.  (Student,  1910),  Park  PL,  Schuylkill  Co.,  Pa. 
CHILDS,  J.  N.   (Student,  1909),  Y.  M.  C.  A.,  Hazelton,  Pa. 
COLGATE,  G.  M.  (Student,  1910),  509  Erie  Ave.,  Niagara  Falls,  N.  Y. 
COMINS,  Harold  N.  (Student,  1909),  701  Whitney  Ave.,  Wilkinsburg,  Pa. 
COOK,  George  C.  (Student,  1909),  32  Vine  St.,  West  Lynn,  Mass. 
CRANE,  Fred  L.  (Student,  1909),  413  Rebecca  Ave.,  Wilkinsburg,  Pa. 
DORER,  Oscar  H.  (Student,  1909),  418  Whitney  Ave.,  Wilkinsburg,  Pa. 
FAIRCHILD,  F.  P.   (Student,  1910),  586-68th  Ave.,  West  AUis,  Wis. 
GARY,  F.  P.,  (Student,  1910),  Southern  Cotton  Oil  Co.,  Augusta,  Ga. 
GLEASON,  E.  P.  (Student,  1910),  2408  Wells  St.,  Milwaukee,  Wis. 
GRIMES,  C.  E.   (Student,  1909),  113  S.  37th  St.,  Philadelphia,  Pa. 
GUNKEL,  Fred  H.,  Jr.,  (Student,  1909),  Westwood,  N.  J. 
HAM,  C.  W.  (Student,  1910),  215  Arlington  Ave.,  Lexington,  Ky. 
HARDING,  H.  C,  (Student,  1909),  34  Linden  Ave.,  Middletown,  N.  Y. 
HATMAN,  J.  G.  (Student,  1910),  Wyandotte  County  Gas  Co.,  Kansas  City, 

Kan. 
HEISLAR,  C.  S.  (Student,  1909),  1951  S.  Homan  Ave.,  Chicago,  111. 
HODGSON,  J.  H.  S.,  (Student,  1910),  1421  Arch  St.,  Philadelphia,  Pa. 
JEHLE,  Ferdinend  (Student,  1909),  Heine  Safety  Boiler  Co.,  2449  E.  Marcus 

Ave.,  St.  Louis,  Mo. 
JONAS,  M.  R.  (Student  1909),  2401  Chelsea  Ave.,  Baltimore,  Md . 
KERR,  Geo.  W.  (Student,  1910),  754  Ross  Ave.,  Wilkinsburg,  Pa. 
KONSTANKEWICZ,  M.  J.  (Student,  1910),  629  Adams  St.,  Gary,  Ind. 
LAY,  R.  P.  (Student,  1910),  302  Coolidge  Ave.,  Syracuse,  N.   Y. 
MERRIHEW,  L.  A.  H.  (Student,  1910),  86  Oak  St.,  Plattsburg,  N.  Y. 
MEYER,  Richard  C.   (Student,  1803),  119  W.  Lanvale  St.,  Baltimore,  Md. 
MUFFLY,  Walter  W.  (Student,  1910),  21  Chestnut  St.,  Sharon,  Pa. 
PAGE,  W.  K.  (Student,  1909),  618  Chapel  St.,  Schenectady,  N.  Y. 
ROBINSON,  G.  E.  (Student,  1910),  800  Huntington  Ave.,  Boston,  Mass. 
SCHUSTER,  George  (Student,  1909),  324  McLean  St.,  Lincoln,  III. 
SERRELL,  John  J.  (Student,  1909),  81  Myrtle  Ave.,  Plainfield,  N.  J. 
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SPOOR,  I.  H.  (Student,  1910),  360  Wisconsin  Ave.,  Oshkosh,  Wis. 
THOMAS,  Felix  (Student,  1910),  310  W.  2d  St.,  Dayton,  O. 
TORRANCE,  C.  Everett  (Student,  1909),  105  Hudson  St.,  Ithaca,  N.  Y. 
WESLEY,  Chas.  F.  (Student,  1909),  Box  148,  1421  Arch  St.,  Philadelphia,  Pa. 
WHAREN,  Geo.  B.  (Student,  1910),  405  Paige  St.,  Schenectady    N.  Y. 
WHEDBEE,  Edgar  (Student,  1909),  437  N.  5th  St.,  Terre  Haute,  Ind. 
WOHLENBERG,  W.  J.   (Student,   1910),  456  Swissvale  Ave.,  Wilkinsburg, 

Pa. 
WORKMAN,  D.  M.  (Student,  1910),  5  Oak  St.,  Aurora,  111. 

NEW  MEMBERS 

CORNELL  ITNIVERSITY 

ORBISON,  T.  E.   (Student,   1910),  699  Lawrence  St.,  Appleton,  Wis. 

PURDUE   UNIVERSITT 

COFFIN,  T.  (Student,  1910),  1018  State  St.,  W.  Lafayette,  Ind 

GREEN,  J.  B.  (Student,  1910),  R.  F.  D.  14,  Trenton,  N.  J. 

KELLEY,  P.  W.   (Student,  1910),  1008  E.  Charles  St.,  Muncie,  Ind. 

KING,  Clifford  M.  (Student,  1910),  Centerville,  Ind. 

MILLS,  J.  L.  (Student,  1910),  817  Claremont  Ave.,  Chicago,     111. 

SAUERS,  John  L.  (Student,  1910),  Tate  St.,  Lawrenceburg,  Ind. 

SMITH,  T.  C.  (Student,  1910),  Chalmers,  Ind. 

TEMPLIN,  E.  W.,  Student,  1910),  Univ.  of  111.,  Urbana,  111. 

WIEST,  H.  N.  (Student,  1910),  172  Juneau  Ave.,  Milwaukee,  Wis. 

universitt[]of^nebraska 
BURLEIGH,  W.  H.   (Student,  1910),  104  Oneida  Ave.,  Davenport,  la. 
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September — October 

Advance  notices  of  annual  and  semi-annual  meetings  of  ent  laeerlng  societies  are  regularly 
published  under  this  heading  and  secretaries  or  members  of  societies  whose  meetings  are  of 
Interest  to  engineers  are  Invited  to  send  such  notices  for  publication.  They  should  be  In  the 
editor's  bands  by  the  15th  of  the  mon  h  preceding  the  meeting.  When  the  titles  of  papers 
read  .it  monthly  meetings  are  furnished  they  will  also  be  published. 

AMERICAN  MINING  CONGRESS 

September  26-October  1,  annual  convention,  Los  Angeles,  Cal.  Managing 

director,  Sidney  Norman. 
AMERICAN  PUBLIC  HEALTH  ASSOCIATION 

September  5-9,  annual  meeting,  Milwaukee,  Wis.     Secy.,  W.  C.  Wood- 
ward, Washington,  D.  C. 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

September  7,  220  W.  57th  St.,  New  York,  8.30  p.m.     Paper:  Remedies  for 

Landslides  and  Slips  on  the  Kanawha  and  Michigan  Railway,  R.  P.  Black. 

Secy.,  C.  W.  Hunt. 
AMERICAN  SOCIETY  OF  MUNICIPAL  IMPROVEMENT 

October  11-16,   annual  convention,   Erie,   Pa.     Secy.,   Prescott  Folwell, 

239  W.  39th  St.  N.  Y. 
AMERICAN  STREET  AND  INTERURBAN  RAILWAY  ASSOCIATION 

October  10-14,   annual  convention,  Atlantic  City,  N.  J.     Secy.,   H.   C. 

Donecker,  29  W.  39th  St.,  New  York. 
ASSOCIATION  OF  EDISON  ILLUMINATING  COMPANIES 

September  6-8,  annual  meeting.  Thousand  Islands,  N.  Y.     Asst.  Secy., 

Walter  Neumuller,  55  Duane  St.  New  York. 
THE  COLORADO  ELECTRIC  LIGHT,  POWER  AND  RAILWAY  ASSO- 
CIATION 

September  21-23,   annual  convention,   Glenwood  Springs,   Secy.,   F.   D. 

Monis,   323  Hagerman   Bldg.,   Colorado  Springs. 
INTERNATIONAL   ASSOCIATION   OF   MUNICIPAL   ELECTRICIANS 

September  6-9,  annual  convention,  Rochester,  N.  Y.     Sec}\,    Frank  B. 

Foster,  Corning. 
INTERNATIONAL  CONGRESS  OF  HIGHER  TECHNICAL  EDUCATION 

September  9-11,    Brussels,  Belgium.   Comr.,    Elmer   Ellsworth    Brown. 

Bureau   of   Education,    Department   of    Interior,    Washington,  D.   C. 
INTERNATIONAL  CONGRESS  OF  REFRIGERATION 

October  9-12,  University  of  Vienna,  Austria.     Papers:  Constructing  and 

Testing  Refrigeration  Machinery  and  Insulating  Materials,  Application 

of  Refrigeration  to  Food,  Industrial  Refrigeration,  Railway  and  Steam- 
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ship  Refrigeration,  Legislation  and  Administration.  Chairman  of  Com- 
mittee on  Transportation,  F.  W.  Pilsbury,  1660  Monadnock  Block,  Chic- 
ago,   111. 

INTERNATIONAL  HUNTING   CONGRESS 

September  5-7,  Vienna,  Austria.     Secy.,  C.  Kunsby,   Wiesingerstrasse  8. 

INTERNATIONAL   MUNICIPAL   CONGRESS   AND   EXPOSITION 

September  18-30,  Chicago,  111.  Secy.,  Cure  M.  Treat,  1107-1108  Great 
Northern  Bldg. 

IRON  AND  STEEL  INSTITUTE 

September  26-30,  Bu.xton,  England.  Secy.,  G.  C.  Lloyd,  28  Victoria  St., 
London,  S.  W. 

LEAGUE   OF  AMERICAN  MUNICIPALITIES 

August  23-26,  annual  convention,  St.  Paul,  Minn.  Secy.,  John  Mac- 
Vicar,  Desmoines,  Iowa. 

MASTER    CAR  AND   LOCOMOTIVE   PAINTERS'   ASSOCIATION 

September  13-16,  annual  convention,  St.  Louis,  Mo.  Secy.,  A.  P.  Dane, 
Reading,  Mass. 

MICHIGAN  GAS  ASSOCIATION 

September  9-12,  annual  meeting,  aboard  boat  "Georgian  Bay."  Secy. 
Glenn  R.  Chamberlain,   Grand  Rapids,   Mich. 

NATIONAL    ASSOCIATION    OF    GERMAN-AMERICAN    TECHNOLO- 
GISTS 

September  1-5,  Newark,  N.  J.  Paper:  The  Activity  of  Radium  and 
Permanency  of  the  Element  with  Side-Lights  on  Transmutation  and  Al- 
chemy, L.  H.  Friedburg.      Secy.,  B.  A.  von  Bergen,  842  Broad  St. 

NATIONAL  ASSOCIATION  OF  STATIONARY  ENGINEERS 

September  12-17,  annual  convention,  Rochester,  N.  Y.  Secy.,  Fred  W. 
Raven,  325  Dearborn  St.,  Chiacgo,   111. 

NATIONAL  CONSERVATION  CONGRESS 

September  6-9,  St.  Paul,  Minn.  Secy.,  Thomas  R.  Shipp,  Colorado  Bldg., 
Washinton,  C.  D. 

NATIONAL  IRRIGATION  CONGRESS 

September  26-30,  annual  meeting,  Pueblo,  Colo.,  Secy.,  Arthur  Hooker. 

NAVAL,    MERCANTILE,    MARINE    AND    GENERAL   ENGINEERING 
MACHINERY    EXHIBITION 

September  1-16,  Olympia,  London,  England.  Secy.  Frederic  W.  Bridges, 
119-125  Finsburg  Pavement,  London  E.  C. 

NEW  ENGLAND  WATERWORKS  ASSOCIATION 

September  21-23,  annual  convention,  Rochester,  N.  Y.  Secy.,  Willard 
Kent  Narragansett  Pier,  R.  I. 

PACIFIC  COAST  GAS  ASSOCIATION 

September  20-22,  annual  meeting,  Los  Angeles,  Cal.  Secy.,  John  A. 
Britton,  925  Franklin  St.,  San  Francisco. 

ROADMASTERS    AND    MAINTENANCE    OF    WAY    ASSOCIATION 
September    13-16,   Chicago,    111.     Secy.,   W.   E.   Emery,   West    Ch:cago. 

UNION  OF  CANADIAN  MUNICIPALITIES 

August  31-September  2,  annual  convention,  Toronto,  Ont.  Secy.,  W. 
D.   Lighthall,   K.   C,   Westmount,   Que. 
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MEETINGS  IN  THE  ENGINEERING  SOCIETIES  BUILDING 


Date 

September 
1 
2 
7 


16 
16 
23 

28 

28 

October 

5 

6 

7,  14,  21,  28 

11 

13 

18 

19,  20,  21 

21 

26 


Society 

Blue  Room  Engineering  Society. . . 
Western  Union  Electrical  Society. . 

Wireless  Institute 

Illuminating  Engineering  Society. . 
Western  Union  Electrical  Society. . 
Western  Union  Electrical  Society. . 

New  York  Railroad  Club 

Western  Union  Electrical  Society. . 
Municipal  Engineers  of  New  York. 
Western  Union  Electrical  Society. . 


Secretary  Time 

P.M. 

.W.D.  Sprague 8.00 

.H.  C.  Northen....  7.00 
.S.  L.Williams   ....  7.30 

.P.  S.Millar 8.00 

.H.  C.  Northen 8.15 

.H.  C.  Northen 7.00 

.H.  D.  Vou<rht 7.00 

.H.  C.  Northen 7.00 

.CD.  Pollock 8.15 

.H.  C.  Northen 7.00 


Wireless  Institute S.  C.  Williams. . . .  7.30 

Blue  Room  Engineering  Society W.  D.  Sprague. ...  8.00 

Western  Union  Engineering  Society. . .  .H.  C.  Northen. ...  7.00 
American  Society  of  Mechanical  Engi- 
neers  C.  W.  Rice 8.15 

Illuminating  Engineering  Society P.  S.  Millar 8.15 

New  York  Telephone  Society T.  H.  Lawrence ....  8 .  00 

American  Gas  Institute A,  B.  Beadle ...  .AH   day 

New  York  Railroad  Club H.  D.  Vought 8.15 

Municipal  Engineers  of  New  York CD.  PoUcck 8.15 


OFFICERS  AND  COUNCIL 

PRESIDENT 
George    VVestinghousb Pittsburg,    Pa. 

VICE-PRESIDENTS 

Geo.  M.  Bond Hartford,   Conn. 

R.  C.  Carpenter Ithaca,  N.  Y. 

F.    M.    Whyte New   York 

Terms  expire  at  Annual  Meeting  of  1910 

Charles  Whiting  Baker New  York 

W.  F.  M.  Goss Urbana,  III. 

E.  D.Meier New  York 

Terms  expire  at  Annua!  Meeting  of  1911 

PAST-PRESIDENTS 

Members  of  the  Council  for  1910 

John   R.   Freeman Providence,   R.    L 

Frederick  W.   Taylor Philadelphia,   Pa. 

F.  R.   IIuTTOiV New  York 

M.  L.  Holman St.  Louis,  Mo. 

Jesse  M.  Smith New  York 

MANAGERS 

Wm.  L.    Abbott Chicago,   111. 

Alex.  C.  Huaiphreys New  York 

Henry  G.  Stott New  York 

Terms  expire  at  Annual  Meeting  of  1910 

H.  L.  Gantt New  York 

I.  E.  MouLTROP Boston,  Mass. 

W.  J.  Sando Milwaukee,  Wis. 

Terms  expire  at  Annual  Meeting  of  1911 

J.  Sellers  Bancroft Philadelphia,  Pa. 

James  Hartness Springfield,  Vt. 

H.  G.  Reist Schenectady,  N.  Y. 

Terms  expire  at  Annual  Meeting  of  1912 

TREASURER 
William  H.   Wiley New  York 

CHAIRMAN  OF  THE  FINANCE  COMMITTEE 
Arthur  M.  Waitt New  York 

HONORARY   SECRETARY 
F.  R.  Hutton New  York 

SECRETARY 
Calvin  W.  Rice 29  West  39th  Street,  New  York 
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EXECUTIVE  COMMITTEE  OF  THE  COUNCIL 


Alex.  C.  Humphreys,  Chairman 
Chas.  Whiting  Baker,  Vice-Chairman 

F.  M.  Whyte 


F.  R.  HUTTON 

H.  L.  Gantt 


STANDING  COMMITTEES 

FINANCE 

Arthur  M.  Waitt  (5),  Chairman  Robert  M.  Dixon  (3),  Vice-Chairman 

Edward  F.  Schnuck  (1)  Geo.  J.  Roberts  (2) 

Waldo  H.  Marshall  (4) 


HOUSE 
William  Carter  Dickerman  (1),  Chairman 
Bernard  V.  Swenson  (2) 

H.  R.  COBLEIGH  (5) 


Francis  Blossom  (3) 
Edward  Van  Winkle  (4) 


LIBRARY 
John  W.  Lieb,  Jr.  (3),  Chairman 
Ambrose  SwASEY  (1) 

Alfred  Noble  (5) 


Leonard  Waldo  (2) 
Chas.  L.  Clarke  (4) 


MEETINGS 
Willis  E.  Hall  (b)  ,Chairman 
Wm.  H.  Bryan  (1) 

H.  de  B.  Parsons  (4) 


L.  R.  POMEROY  (2) 

Chas.  E.  Lucke  (3) 


MEMBERSHIP 
Charles  R.  Richards  (1),  Chairman 
Francis  H.  Stillman  (2) 

Theo.  Stebbins  (5) 


George  J.  Foran  (3) 
HosEA  Webster  (4) 


PUBLICATION 
D.  S.  Jacobus  (1),  Chairman 
H.  F.  J.  Porter  (2) 

Geo.  M.  Basford  (5) 


Fred  R.  Low  (3) 
Geo.  I.  RocKWOOD  (4) 


RESEARCH 
W.  F.  M.  Goss  (4),  Chairman 
R.  C.  Carpenter     (1) 

Jas.  Christie  (5) 


R.  H.  Rice  (2) 
Ralph  D.  Mershon  (3) 


Note — Numbers  In  parentheses  Indicate  number  of  years  the  member  has  yet  to  serve 
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SPECIAL  COMMITTEES 


1910 

On  a  Standard  Tonnage  Basis  for  Refrigeration 


D.  S.  Jacobus 
A.  P.  Trautwein 


John  E.  Sweet 


E.  F.  Miller 
On  Society  History 

Chas.  Wallace  Hunt 


g.  t.  voorhees 
Philip  De  C.  Ball 


H  H.  Suplee 


On  Constitution  and  By-Laws 
Chas.  Wallace  Hunt,  Chairman 
G.  M.  Basford 

Jesse  M.  Smith 

On  Conservation  of  Natural  Resources 
Geo.  F.  Swain,  Chairman 
Charles  Whiting  Baker 

Calvin  W.  Rice 


F.    R.    HUTTON 

D.  S.  Jacobus 


L.    D.    BURLINGAME 
M.    L.    HOLMAN 


On  International  Standards  for  Pipe  Threads 
E.  M.  Herr,  Chairman  Geo.  M.   Bond 

William  J.  Baldwin  Stanley  G.  Flagg,  Jr. 


On  Standards  for  Involute  Gears 
Wilfred  Lewis,  Chairman 
Hugo  Bilgram 

Gaetano  Lanza 

Nominating   Committee 
Robert  M.  Hunt,  Chairman 
Geo.  M.  Basford 


D.  S.  Jacobus,  Chairman 
Edward  T.  Adams^ 
George  H.  Barrus 


W.  H.  V.  Rosing 

On  Power  Tests 
L.  P.  Breckenridge 
William  Kent 
Charles  E.  Lucke 


E.  R.  Fellows 
C.  R.  Gabriel 


F.  F.  Gaines 
E.  M.  Herr 


Edward  F.  Miller 

Arthur  West 

Albert  C.  Wood 


On  Student  Branches 
F.  R.  HuTTON,  Honorary  Secretary 

On  Arrangements  for  Joint  Meeting  in  England 

Ambrose  Swasey,  Chairman  Chas.  Whiting  Baker,  Vice-Chairman 

Geo.  M.  Brill  John  R.  Freeman 

W.  F.  M.  Goss 

Members  Ex  Officio 

George  Westinghouse.  President       F.  R.  Hutton,  Honorary  Secretary 
William  H.  Wiley,  Treasurer  Calvin  W.  Rice,  Secretary 

Willis  E.  Hall,  Chairman  Meetings  Committee 
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SOCIETY  REPRESENTATIVES 
1910 

On  John  Fritz  Medal 
Ambrose  Swasey  (1)  Chas.  Wallace  Hunt  (3) 

F.  R.  HuTTON  (2)  Henry  R.  Towne  (4) 


On  Board  of  Trustees  United  Engineering  Societies  Building 
F.  R.  Hutton  (1)  Fred  J.  Miller  (2) 

Jesse  M.  Smith  (3) 


On  Library  Conference  Committee 
J.  W.  LiEB,  Jr.,  Chairman  of  the  Library  Committee,  Am.Soc.M.E. 


On  National  Fire  Protection  Association 
John  R.  Freeman  Ira  H.  Woolson 


On  Joint  Committee  on  Engineering  Education 
Alex.  C.  Humphreys  F.  W.  Taylor 


On  Advisory  Board  National  Conservation  Commission 
Geo.  F.  Swain  John  R.  Freeman 

Chas.  T.  Main 


On  Council  of  American  Association  for  the  Advancement  of  Science 
Alex.  C.  Humphreys  Fred  J.  Miller 


Note — Number  In  parentheses  Indicate  number  of  years  the  member  has  yet  to  serve. 
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OFFICERS  OF  THE  GAS  POWER  SECTION 
1910 


CHAIRMAN 

3.  R.   BiBBINS 


SECRETARY 
Geo.  a.  Orrok 


GAS  POWER  EXECUTIVE  COMMITTEE 


F.  H.  Stillman  (1),  Chairman 

G.  I.  RocKwooD  (2) 


F.  R.  HuTTON  (3) 

H.  H.  SUPLEE  (4) 


F.  R.  Low  (5) 


GAS  POWER  MEMBERSHIP  COMMITTEE 
H.  R.  CoBLEiGH,  Chairman  A.  F.  Stillman 

H.  V.  O.  Goes  G.  M.  S.  Tait 

A.  E.  Johnson  George  W.  Whyte 

F.  S.  King  S.  S.  Wyer 

GAS  POWER  MEETINGS  COMMITTEE 
Wm.  T.  Magruder,  Chairman  Nisbet  Latta 

W.  H.  Blauvelt  H.  B.  MacFarland 

E.  D.  Dreyfus  C.  W.  Obert 

A,  H.  Goldingham  C.  T.  Wilkinson 


GAS  POWER  LITERATURE  COMMITTEE 


C.  H.  Benjamin,  Chairman 

G.  D.  Conlee 

R.  S.  DE  Mitkiewicz 

L.  V.  Goebbels 

L.  N.  LuDY 


|L.  S.  Marks 

T.  M.  Piietteplace 

G.  J.  Rathbun 

R,  B.  Bloemeke 

A.  L.  Rice 


A.  J.  Wood 


GAS  POWER  INSTALLATIONS  COMMITTEE 

L.  B,  Lent,  Chairman  A.  Bement 

C.  B.  Rearick 

GAS  POWER  PLANT  OPERATIONS  COMMITTEE 

I.  E.  Moultrop,  Chairman  C.  N.  Duffy 

J.  D.  Andrew  H.  J.  K.  Freyn 

C.  J.  Davidson  W.  S.  Twining 

C.  W.  Whiting 

GAS  POWER  STANDARDIZATION  COMMITTEE 

C.  E.  Lucre,  Chairman  E.  T.  Adams 

Arthur  West  James  D.  Andrew 

J.  R.  BiBuiNS  H.  F.  Smith 

Louis  C.  Doelling 

Note— Number  In  parentheses  Indicate  number  of  years  the  member  has  yet  to  serve. 
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MEETINGS  OF  THE  SOCIETY 

THE  MEETINGS  COMMITTEE 

Willis  E.  Hall  (5),  Chairman  L.  R.  Pomeroy  (2) 

Wm.  H.  Bryan  (1)  Chas.  E.  Lucre  (3) 

H.  deB.  Parsons  (4) 
Meetings  of  the  Society  in  Boston 
Ira  N.  Hollis,  Chairman  I.  E.  Moultrop,  Secretary 

Edward  F.  Miller  J.  H.  Libbey 

Meetings  of  the  Society  in  St.  Louis 
Wm.  H.  Bryan,  Chairman  Ernest  L.  Ohle,  Secretary 

R.  H.  Tait,  Vice-Chairman  Fred  E.  Bausch 

M.  L.  Holman 

OFFICERS  OF  STUDENT  BRANCHES 


INSTITUTION 

BRANCH 
AUTHORIZED 
BV  COUNCIL 

HONORARY  CHAIR- 
MAN 

PRESIDENT 

CORRESPONDING 
SECRETARY 

1908 

Stevens  Inst,  of  Tech.. 

December  4 

Alex.  C.  Humphreys 

H.  H.  Haynes 

R.  H.  Upson 

Hoboken,  N.  J. 

Cornell  University, 

December  4 

R.  C.  Carpenter 

C.  C.  Allen 

C.F.  Hlrschfeld 

Ithaca,  N.  Y. 

1909 

Armour  Inst,  of  Tech., 

March  9 

G.  F.  Gebhardt 

F.  E.  Wernlck 

W.  E.  Thomas 

Chicago.  111. 

Leland     Stanford     Jr. 

March  9 

W.  F.  Durand 

A.  F.  Meston 

J.  B.  Bubb 

University,    Palo 

Alto,  Cal. 

Polytechnic    Institute, 

March  9 

W.  D.  Ennls 

J.  S.  Kerlns 

Percy  Glanella 

Brooklyn,  N.  Y. 

State     Agrl.      College, 

March  9 

Thos.M.  Gardner 

C.  L.  Knopf 

S.  H.  Graf 

Corvallls.Ore. 

Purdue  University, 

March  9 

L.  V.  Ludy 

H.  A.  Houston 

J.  M.  Barr 

Lafayette,  Ind. 

University  of  Kansas, 

March  9 

P.  F.  Walker 

C.  E.  Johnson 

C.  A.  Swiggett 

Lawrence,  Kan. 

New    York    Univ., 

November  9 

C.  E.  Houghton 

Harry  Anderson 

Andrew  Hamilton 

New  York 

Univ.    of    Illinois, 

November  9 

W.  F.  M.  Goss 

B.  L.  Keown 

C.  S.  Huntington 

Urbana,  111. 

Penna.    State    College, 

November  9 

J.  P.  Jackson 

G.  B.  Wharen 

G.  W.  Jacobs 

State  College,  Pa. 

CoUinihia    University, 

November  9 

Chas.  E.  Lucke 

F.  R.  Davis 

H.  B.  Jenkins 

New  York. 

Mass.    Inst,   of   Tech., 

November  9 

Gaetano  Lanza 

Morrill  Mackenzie 

Foster  Russell 

Boston,  Mass. 

Univ.    of    Cincinnati, 

November  9 

J.  T.  Falg 

H.  B.  Cook 

C.  J.  Malone 

Cincinnati,  0. 

Univ.   of   Wisconsin, 

November  9 

C.  C.  Thomas 

John  S.  LangwUl 

Karl  L.  Kraatz 

Madison,  Wis. 

Untv.    of    Missouri, 

December  7 

H.  Wade  Hibbard 

R.  V.  Aycock 

Osmer  Edgar 

Columbia.  Mo. 

Univ.    of    Nebraska, 

December  7 

C.  R.  Richards 

W.  J.  Wohlenberg 

W.  H.  Burleigh 

Lincoln,  Neb. 

1910 

Univ.  of  Maine, 

February   8 

Arthur  C.  Jewett 

H.  N.  Danforth 

A.  H.  Blaisdcll 

Orono,  Me. 

Univ.  of  Arkansas, 

April  12 

B.  N.  Wilson 

C.  B.  Boles 

W.  Q.  Williams 

Fayettevllle,    Ark. 

__ 
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ADVERTISING      SUPPLEMENT 


SECTION    I 


Machine  Shop  Equipment 


Machine   Shop   Equipment       -                              ...  Section  I 

Power  Plant   Equipment          ....              -  Section  2 

Electrical  Equipment                .....  Section  3 

Hoisting  and  Conveying  Machinery.     Power  Transmission      -  Section  4 
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No.  8  Turret  Screw  Machine 


Turret  Lathes,  many  sizes — many  styles.      For  a  given  class  of  work 
there  is  a  machine  especially  adapted. 

The  catalogue  gives  full  information.      It  will  be  sent  on  request. 

THE    WARNER    &    SWASEY   COMPANY 


CLEVELAND,  OHIO 


BRANCH    OFFICES: 


NFW    YORK 


Slots  or  Keyways  Milled  With  the  Same 
Simplicity  and  Accuracy 
That  a  Hole  is  Drilled 


The  P.  &  W. 
Spline  Miller 


Two  opposed  cutters  revolv- 
ing at  a  high  rate  of  speed 
automatically  cut  a  slot  to 
desired    dimensions    in    one 

operation  ^'  "^  ^  ■  ■^P''"^  Milling  Machine 

No  starting  hole,  broaching  or  hand  milling  neces- 
sary.     Cutters  cheaper  than  drills  or  mills. 
0?ie  man  can  operate  several  machines. 

Write  for  Catalog  ''The  Spline  Miller' 

PRATT  &  WHITNEY  CO.,       HARTFORD,  CONN. 


HARTNESS    FLAT    TURRET    LATHE 

Turret  Description 

'"  I  ""HE  turret  is  a  flat  circular  plate;  it  is  mounted  on  a 
low  carriage  containing  controlling  mechanism. 
The  connections  of  the  turret  to  the  carriage,  and  the  carriage 
to  the  lathe  bed,  are  the  most  direct  and  rigid,  affording 
absolute  control  of  the  cutting  tools.  The  turret  is  accu- 
rately surfaced  to  its  seat  on  the  carriage  by  scraping,  and 
securely  held  down  on  that  seat  by  an  annular  gib.  In 
the  same  manner  the  carriage  is  fitted  to  the  Vs  of  the  bed ; 
the  gibs  pass  under  the  outside  edge  of  the  bed. 

The  index  pin  is  located  directly  under  the  working  tool 
and  so  close  to  it  that  there  can  be  no  lost  motion  between 
the  tool  and  the  locking  pin.  The  turret  is  turned  auto- 
matically to  each  position  the  instant  the  tool  clears  the 
work  on  its  backward  travel,  and  it  is  so  arranged  that  by 
raising  and  lowering  trip  screws  near  the  center  of  the  turret, 
it  may  be  turned  to  three,  four  or  five  of  the  six  places  Avith- 
out  making  any  other  stops. 

A  simple,  accurate  stop  mechanism  for  the  turret  slide 
provides  twelve  independently  adjustable  stops,  two  for 
each  of  the  six  positions  of  the  turret,  or  any  other  division 
required  by  the  operator. 

The  feeding  mechanism  for  the  turret  slide  and  the  cross- 
feeding  head  receives  its  power  through  a  speed-varying 
device  which  is  under  the  convenient  control  of  the  hand 
wheel  at  head  end  of  bed.  One  revolution  of  this  wheel 
gives  the  full  range  of  feeds,  from  drilling  feed  of  120-per- 
inch  to  coarse  turning  feed  of  lo-per-inch,  and  every  inter- 
mediate feed. 

A  spring  tore  weighing  device  on  the  feed  rod  gives  the 
pulling  power  of  this  feed  mechanism  a  known  value. 
This  device  yields  at  a  certain  predetermined  pressure. 

In  operation  the  carriage  is  fed  forward  until  it  reaches 
one  of  the  stops,  against  which  it  is  held  by  this  pressure 
till  disengaged  by  the  operator.     Arresting  the  feed  without 

spHn,.e,d.v,    Jq^cs  &  Lamsoii 

Germany,  Holland,   Belgium,   Switzerland,  Auatrla-IIungary, 
M.    Koyoniann,   Charlottenstrasse  112,   Diiaseldorf,    Germany. 


releasing  the  carnage  gives  the  tool  a  chance  to  accurately 
face  the  shoulder,  leaving  a  smooth  surface  instead  of  the 
ragged  face  left  when  carriage  is  released  under  full  cut. 

It  has  been  the  practice  heretofore  to  arrange  the  positive 
stop  a  thirty-second  of  an  inch  beyond  the  knock-off  for  the 
feed,  and  in  the  usual  operation  of  a  machine  of  this  kind  the 
feed  knocks  off,  and  then  the  turret  slide,  released,  jumps 
back,  and  the  tool  digs  in,  cutting  a  slight  groove  just  back 
of  the  shoulder.  When  on  work  requiring  exact  shoulder 
distances  or  smoothly-finished  shoulders,  the  operator  brings 
the  slide  against  the  positive  stop,  holding  it  there  with  as 
nearly  as  possible  uniform  pressure  until  the  turner  has 
surely  faced  its  full  length.  In  the  present  machine  the 
turret  is  always  fed  against  the  positive  stop  and  held  there 
with  a  uniform  pressure,  insuring  the  most  accurate  results 
for  shoulder  length. 


Extracts  from  the  book  of   the  Hartiiess  Flat  Turret  Lathe. 
Copies  of  the  hook  maded  on  request. 

QueenVictoria  St. 
.ondon,    England. 


Machine  Company  S 


France  and  Spain,  Ph.  Bonvlllaln  and  E.  Ronceray,  9  and  11 
Rue  dea  Envlerges,  Paris.      Italy,  Adler  &  Eisenschltz,  Milan 


HERE  IS  THE 

STORY  OF 


Trade 


Mark 


Beware  of 
Imitations 


REGISTERED 


NICHOLS  TAP  AND 

REAMER  WRENCH 

Never  Loosens  its  Grip, 

as  tine  Handle  does  not 

Rotate.      Years  on 

thie  Market,  and 

Superior   To 

All  Otiiers 


THAT'S  ALL! 

THE  J.  M.  CARPENTER 

TAP  &  DIE  COMPANY 

PAWTUCKET,  R.   I.,    U.  S.  A. 


Improved    Adjustable  Jaw=Bases 


This  new  cut,  here  first  published,  shows  our  Patent  Convert- 
ible 2  and  3  Jaw  Heavy  Pattern  Turret  Lathe  Chucks  and  the 
new  Patent  Independently  Adjustable  Jaw-Bases,  which  may  be 
inserted  interchangeably  in  Chucks  of  this  type,  when  desired, 
in  place  of  the  regular  forms  of  Jaws 

FULL  PARTICULARS   AND  PRICES   UPON  INQUIRY 

THE  D.E.  WHITON  MACHINE  CO.,  New  London,  Conn., U.S. A. 


The  Standard  Tool  Cos 


HIGH  SPEED  DRILLS 


We  have  a  department  especially  equipped  for  the  manufacture  of  High 

Speed  Tools.     Our  drills  have  all  the  essentials  for  ideal 

drilling.     Look  for  the  shield  trade  mark. 


'*Too?'(       Office    and    Factory 
CLEVELAND,  O. 


Eastern  Sales  Rooms 
94  Reade  St.,  N.  Y. 


MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


RUSSELL,  BURDSALL  &  WARD 
BOLT  and  NUT  CO. 

PORT  CHESTER,   N     Y 

Manufacturers  of  the  finest  grade  of 

BOLTS  and  NUTS 

For  Automobiles,  Machinery  and 
Engineering  Work 

Branch  Works  at  Rock   Falls,   HI. 


WE    BUILD    A   COMPLETE   LINE   OF    NEW   AND    UP-TO-DATE 

BOLT  AND  NUT 

MACHINERY 


Including  ... 

Bolt  Cutters  (threaders),  Bolt  and  Rivet 
Headers,  Upsetting  and  Forging  Machines, 
Hot  Pressed  Nut  Machines,  Nut  Tappers, 
Washer  Machines,  Wire  Nail  Machines 
and  Lag  Screw  Gimlet  Pointers 


NATIONALMACHINERyfo) 
TIFFIN,  Ot-IIO.U.S-A    \j  J 


Shop  Management 

Papers  read  before 

The  American  Society  of  Mechanical  Engineers 

from   1890  to  1909 

The  Society  has  a  limited  number  of  copies  of  papers  on 

Shop 

Management  which  have  been  presented  before  it.     Orders  will  be 

filled  until  the  supply  is  exhausted. 

Vol.     No. 

Price 
List 

23—928 

Bonus  S3'stem  of  Rewarding  Labor,  H.  L.  Gantt 

.20 

8—239 

Capital's  Need  for  High-Priced  Labor,  W.  E.  Part- 

ridge   

.20 

24—998 

Drawing  Office  Equipment,  John  McGeorge  . 

.20 

5—143 

Drawing  Office  System,  H.  R.  Towne 

.10 

24—965 

Gift  Proposition  for  Paying  Workmen,  F.  Richards . . 

.20 

24-1002 

Graphical  Daily  Balance  in  Manufacture,  H.  L.  Gantt. 

20 

25-1012 

Is  Anything  the  Matter  with  Piece  Work?  F.  Richards 

.20 

24-1001 

Machine  Shop  Problem,  C.  Day 

.20 

18—711 

Method  of  Determining  Selling  Price,  H.  M.  Lane. . 

.20 

18—739 

Method  of  Shop  Accounting,  H.  M.  Lane 

.10 

25-1011 

Modifying  System  of  Management,  H.  L.  Gantt .... 

.10 

16—647 

Piece  Rate  System,  F.  W.  Taylor 

.30 

12—449 

Premium  Plan  of  Paying  for  Labor,  F.  A.  Haisey . . 

20 

8—256 

Problem  in  Profit  Sharing,  Wm.  Kent 

30 

25-1040 

Rational  Basis  for  Wages,  H.  Emerson 

.10 

24-1003 

Shop  Management,  F.  W.'  Taylor 

.90 

25-1010 

Shde  Rules  for  the  Machine  Shop,  C.  G.  Barth 

.20 

27-1115 
30-1221 

History  of  a  System  of  Shop  Management,  J.  M. 
Dodge 

.10 
.10 

Training  Workmen,  H.  L.  Gantt 

$4.00  for  the 

i 

set. 

^4.30 

Membera'  rates  are  half  the  list  price. 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 
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Talk  5  {Condensed) 


When  Geo.  H.Corliss  Designed  His  Engine 


i 


•^■mt 


he  succeeded  in  producing; 
the  most  economical  and  re- 
liable tj^pe  of  steam  prime 
mover. 

But  the  details  of  his  engine 
were  not  designed  for  1910 
requirements — e  specially 
when  built  cheaply.  In  valve 
gear  construction  there  is 
nothing  which  approaches 
ours.  It  has  the  only  real 
improvements  made  in 
twenty  years. 


Bulletin  AC-4  has  a  full  description. 


CORLISS,  WIS.,  U.  S.  A. 


IMMUNE  TO  the    evils   of    EXPANSION 

;#       •    % 

-^  PROVED         <^ 

Co*  ^ 

— 1_  ITS 

I—    SUPERIOR  COMPARATIVE  MERITS  l- 

^^3  FOR  ^Q 

0^        BOILER  BLOW-OFF,  ETC. 

BECAUSE   IT 

meets    requirements    perfectly 
without    repairs    or    complaint 

SPECIFIED  AND  USED  BY  ^SS^SSIHh,, 

JOHN  SIMMONS  CO..  no  centre  st..  New  York.  N.  Y. 


Iron  Body  Gate  Valve, 
outside  view,  partly  open. 


Iron  Body  Gate  Valv 

Interior  view,  open, 

showing  guides  on 

discs  and  body. 


Bronze,  Nelson  Gate  Valve 
(Interior).     Closed. 


Nelson    Gate    Valves    Provide 
Any    Regulation     Desired 


Nelson  Gate  Valves  may  safely  be  set 
partially  open  to  give  any  volume  required ; 
the  discs  will  not  chatter,  because  supported 
by  the  guides  in  the  valve  body ;  there  is  no 
strain  upon  the  stem  for  the  same  reason, 
and  its  operation  is  therefore  easy,  no  binding 
at  any  point. 


Nelson  Valve  Company,  Philadelphia 


New  York 
30  Church  St. 


Pittsbursh 
52s  Third  Avt 


Butte,  Mont. 
,6  E.  Broadway 


Chicago 
17  W.  Kinzie  St. 


Minneapolis 
Andriis  Huilding 


San  Francisco 
22  Battery   St. 


Montreal 
12-14  University  St. 


S-CMlMiSS  CD 


ALLIS-CH  ALM  ERS 
GAS     ENGINES 


Require  no  preliminary  period  of  grooming 
and  experimentation. 

Write  for  information 


General  Offices 


Milwaukee,  Wi 


Attention 


Consulting, 
Operating 
Engineers 
and 

Engine 

Buyers 


Do  you  want  the  latest  and  best  Corliss  Four-valve  non-releasing  valve 
gear  engine,  direct  connected  type,  equipped  with  Robb-Armstrong- 
Sweet  Inertia  shaft  governor.  Rotative  speed  200  to  250  revolutions 
per  minute,  noiseless  in  operation,  compact  and  durable;  highest  attain- 
able economy  and  closest  regulation  guaranteed. 

Write  for  descriptive  catalogue  of  our  Ajax  and  ^'Franklin"  engines 

Hewes  &  Phillips  Iron  Works,  Newark,  N.  J. 


BRASS.  COPPER.  BRONZE 

inTube,\^re.  Sheets,  Kods,Eic. 

c^/so  /^anu/aciurers  qr 

SEAMLESS  5RASS  AND 
COFFER  TUBING 

CONDENSER  TUBING 

Brass  and  Admiralty  mbdures 


Our  stock  of  Iron  Pipe  sizes  in 
both  Copper  and  Brass  is  most  com- 
plete.   Prompt  shipments. 

The  completion  of  our  new  Seam- 
less Tube  mill  gives  us  the  most  modern 
and  approved  equipment  in  the  country. 

'^BRIDGEPORT"  Seamless 
Tubing  means  quality  of  the  highest 
standard. 


BRIDGErORT  BRASS  CO. 

MAIN  OFFICE,    ROLLING   MILLS    AND      FACTORIES, 

bf^iii>oe:.f*of^t  -  -  -  ootvjn. 

OFRICES    AMD      STORES 

Z53  Broadway,  New  York  17  North  Tih  Street  Phila 
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Robb-Mumford  Boiler  Co. 


Successors  to 

EDWARD  KENDALL  &  SONS 

CHARLES  RIVER  IRON  WORKS 


Manufacturers  of 

Return  Tubular,  Water  Tube,  internally  fired  and  other 

types  of  Boilers;  Smoke  Stacks,  Tanks,  Etc. 

Works:— SOUTH  FRAMINGHAM,  MASS. 

Sales  Office:  131  State  St.,   Boston 


DE   LA  VERQNE  OIL   ENGINES 

FOR  GENERAL  POWER  PURPOSES 

OVER    14000    IN    USE 


HORIZONTAL  TYPE   "HA"   10  H.   A. 

WE  GUARANTEE  THAT  THESE  ENGINES  WILL  DEVELOP 

ONE  B.  H.  P.  HOUR  ON  LESS  THAN  ONE  POUND 

OF  KEROSENE,  CRUDE  OR  FUEL  OIL. 

DE     LA    VERGNE     MACH     CO 


FOOT  OF    EAST  138  TH    ST. 


NEW  YORK 


Buckeye  Gas  Engines 

FOUR  CYCLE  -  DOUBLE  ACTING 

For  Natural  and  Producer  Gas 

75  to  10,000  B.  H.  p. 


Catalogues,    information    and    estimates    cheerfully    furnished 

BUCKEYE  ENGINE  COMPANY 

SALEM,  OHIO 


Nash  Gas  Engines 

ARE 

Reliable,  Economical, 
Simple  and  Safe. 

25  years  leadership  of  Vertical 
Gas  Engine  Design. 

Operate  on  City  Gas,  Gaso- 
line, Distillate  and  Producer 
Gas. 

SIZES  3  to  425  H.  P. 

Catalogue  sent  promptly  on  request 
Meters  Cro-cvn,   Empire,   Nash,   Gem,   Premier 

NATIONAL    METER    COMPANY 

84  CHAMBERS  STREET,         NEW  YORK 

Chicago  Boston  Pittsburg  Cincinnati  Los  Angeles 


Makers  of  the  -norlJ  famous  \i'atfr 


WARREN    VERTICAL  AND    TANDEM    GAS 
ENGINES  AND  SUCTION  GAS  PRODUCERS 

POINTS  OF    MERIT 

Heavy  overload  capacity.     Close  regulation.      Positive  lubrication. 

Positive  circulation  of  cooling  water.     No  joints  between 

combustion    chamber    and    water   jackets. 

All  valve  cages  removable. 

The   most  reliable  and  economical  motive  power  obtainable 
Ask  your  consulting  engineer  to  investigate 

Warren,  Pa. 

Pittsburg 
310  House  Building 


STRUTHERS-WELLS    CO., 


New  York 
60  Church  Street 


SEABURY  WATER  TUBE  YACHT  BOILER 


SAFETY 
ECONOMY 


DURABILITY 
RELIABILITY 


Combines  maximum    heat  and  grate 
surface  with  minimum  weight  and  size 


Gas  lEngine  &  Power  Co. 
and 
)       Charles  L.  Seabury  &  Co. 

Consolidated 
Morris  Heights  New  York  City 


Also  Yacht  and  Launch  Builders  and  Manufacturers  of  Seabury  Marine 
Steam  Engines  and  Speedway  Gasolene  Engines  '^-'^  ''cXte  "^^"" 


THE    HOPPES    INDUCTION    CHAMBER 


Is  the  simplest,  most  efficient  and  economical  device  on  the  market  for  connecting 
up  a  feed-water  heater  where  part  of  the  exhaust  is  by-passed  to  heating  or  drying 
system.  It  saves  the  cost  of  several  large  valves  and  fittings  and  an  independent 
oil  separator  and  allows  the  heater  to  be  cut  out  for  cleaning  or  inspection  by  one 
turn  of  the  valve.  It  is  built  for  any  size  of  exhaust  pipe  and  can  be  used  with 
any  size  or  type  of  Hoppes   Feed-Water  Heater.     Write  for  further  particulars. 

Let  us  send  you  our  catalogue  No.  40  of 

Exhaust  Steam  Feed-Water  Heaters,  Live  Steam  Feed- Water 
Purifiers,  Steam  and  Oil  Separators,  Ex,haust  Heads 

HOPPES  MFG.  CO.,  47  James  St.,  SPRINGFIELD,  OHIO 


BRISTOL-DURAND    AVERAGING    INSTRUMENT 


FOR 

CIRCULAR-CHART 

RECORDS 

AS   ILLUSTRATED 
HEREWITH 

Write  for  new   Illustrated 

Index    of    Bristol's    Recording 

Instruments   for   Pressure, 

Temperature    and    Electricity 

with   more  than   50  illustrations  of  Bristol    Instruments. 

THE  MOST  COMPLETE  LINE  OF  RECORDING   INSTRUMENTS  IN  THE  WORLD 
THE  BRISTOL  COMPANY 

WATERBURY,   CONNECTICUT 


The  Yost  Typewriter  Engine  Room,  Bridgeport,  Conn. 

The  Feature 

which  distinguishes  our  High  Speed  Corliss  engines  from  other  four- 
valve  engines  is  the  patented  Non-detaching  Valve  Gear,  by  which  the 
valves  are  given  the  same  movement  that  the  drop  cut-off  gear  produces 
by  picking  up  and  dropping  them.  It  is  this  feature  more  than  any  other 
which  made  the  slow  speed  Corliss  a  successful  and  durable  machine 
and  is  still  more  valuable  for  higher  speeds. 

Ball  fl.iig'ine  Company 

Erie,   Pexina. 
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THE  BABCOCK  &  WILCOX  COMPANY 

85  LIBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 

STEAM  SUPERHEATERS  MECHANICAL  STOKERS 

Work.:   BARBERTON.  OHIO     BAYONNE,  N.  J. 


BOSTON,  10 
PITTSBURG! 
SALT  LAKI-; 
CLEVEI.AXI 
LOS  A.XCEI.I 


BRAXCH   OFFICES 


SAX   FRA\Clsr( 

,   90  Fir 

^t  Stree 

DENVEH,    l:;:.  S,. 

rnlc.Tit 

Stri'i-t 

ATI.AXT\    ';\  , 

■illMl.T 

'.l.l^. 

HAVANA,   1  I  1!\ 

11',',  r 

.II.'  (U- 

CIX(  INN  \TI    n 

Tr„t„ 

,  Bl.lg 

Jenkins  Bros.,  Y  or  Blow-Off  Valves 

Are  especially  adapted  for  use  where  the  unobstructed  flow  of 
thick  fluids  is  required.  As  blow-off  valves  they  have  no 
superior.  Having  a  full  opening  nearly  in  line 
with  the  pipe,  but  little  resistance  is  offered  to  the 
free  flow  of  steam  or  fluids.  Fitted  with  Jenkins 
Discs,  removable  seat  rings,  and  interchangeable 
parts  throughout.  Made  in  Brass  or  iron  Body. 
Wriif  for  illustrated  catalogue. 


JENKINS  BROS 


PHILADELPHIA 


THE  real  cost  of  power  is  not 
the  first  cost,  but  the  cost  per 
year-  That  includes  fuel,  labor, 
space,  and  the  extent  to  which 
your  form  of  power  affects  your 
insurance  rates. 

Judged  by  this   businesslike 
standard 

Du  Bois  Gas  and 
Gasoline    Engines 

are  the  cheapest  form  of  power— as  well  as  the  best— that  you  can  use. 

These  engines  can  be  used  every  day  in  the  year,   will  operate  many  other 
engines,  and  will  save  the  wages  of  one  or  more  employees.     Get  catalog  "P" 

DU  BOIS  IRONWORKS,  8,6  brady  street,  du  bois,  pa. 

The  Engineer's  Engine 

Tlie  American  Ball  Angle  Com[)ound  Engine 
has  ail  of  the  following  good  points. 

1st,   Automatic  Luhiication. 

2(1,     Two  valves  are  used  instead  of  eight. 

3(1,     No  unbalancjd  forces. 

4th,  Perfect  regulation. 

.5th,  Even  turning  moment. 

0th,  No  dead  centers. 

7th,  Cross  head  guides  wliich  can  be  adjusted  while  [the 
engine  is  in  motion. 

8th,  Attached  indicator  reducing  motion. 

Our  pamphlet  on  "The  Modern  High  Speed  Automatic 
Engine"  will  tell  you  :d)out  other  good  points  of  this  engine. 

AMERICAN  ENGINE  COMPANY 

42  RARITAN  AVE.  .;  BOUND  BROOK,  N.  J. 


FRANKLIN  watertube  BOILER 


Franklin  Boiler  Works  Co. 

TROY,  N.  Y. 

Qeneral    Sales   Office 

39  Cortlandt   Street 
NEW        YORK 


HEINE   ""t^VI   boilers 

and 

SUPERHEATERS 

In   units  of  from  50  to  600   H.  P. 

Heine  Safety  Boiler  Co.,  St.  Louis,   Mo, 

BRANCH    OFFICES 
Boston  New  York  Philadelphia  Pittsburgh  Chicago  New  Orleans 


THE 


HOOVEN-OWENS-RENTSCHLER  CO. 


Builders  of 

HAMILTON 
CORLISS 
ENGINES 

Standard  of  Merit 

Works  at 

HAMILTON,   OHIO 


WE  SPECIALIZE 

We  concentrate  our  entire  attention  on  valves 
and  hydrants  and  do  not  have  a  line  of  miscel- 
laneous sundries  such  as  fittings,  boiler  trim- 
mings, etc.,  to  divide  our  interests.  Thus  we 
can  give  valves  particular  attention. 

The  result  of  this  concentrated  effort  is  shown 
in  Kennedy  Valves — it  shows  in  their  design, 
workmanship  and  finish. 

THE  KENNEDY  VALVE  MFG.  CO. 

ELMIRA,   N.  Y. 
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A  GREAT  ENGINEERING 
LIBRARY 


One  of  the  largest  collections  of  Engineering 
literature  in  the  world  is  THE  ENGINEER- 
ING LIBRARY  in  the  Engineering  Societies 
Building,    29   West   39th    Street,    New   York. 

It  comprises  50,000  volumes,  including  many 
rare  and  valuable  reference  works  not  readily 
accessible  elsewhere.  There  are  450  current 
technical  journals  and  magazines.  All  the 
foreign  and  domestic  technical  periodicals  are 
received,  as  well  as  the  proceedings  of  the 
various   engineering    societies    of    the   world. 

The  library  is  open  from  9  a.m.  to  9  p.m., 
with  trained  librarians  in  constant  attendance. 
Its  resources  are  at  the  service  of  the  engineer- 
ing and  scientific  public. 


The  Engineering  Societies  Building 

29  West  39th  Street,  New  York 


ADVERTISING     SUPPLEMENT 


SECTION  3 


Electrical    Equipment 


Machine   Shop  Equipment        .  -  -  .  .  Section    I 

Power  Plant  Equipment  -  .  .  .  .  Section  2 

Electrical  Equipment  .....  Section  3 

Hoisting  and  Conveying  Machinery.     Power  Transmission       -  Section  4 

Engineering  Miscellany  -  -  -  -  -  Section  5 

Directory  of  Mechanical  Equipment  ...  Section  6 


Westin^house  Type  ''S"  Direct- 
Current  Motors  have  stood  the 
test  of  time  in  practical  service 
of  every  kind. 


Their  reliability 
under  the  severest 
operating  conditions, 
their  efficiency,  dur- 
ability, great  over- 
load capacity  and  low 
operating  tempera- 
ture, are  some  of  the 
reasons  for  their  con- 
stantly increasing  use. 
Type  "S"  Motors  are  made 
possible  demand  and 


Westinsihouse  !">  pe  S  Motor  Drixing  Horizontal 
Punch  and  Bender 


tandard  cajiacitie'^  <:uital)h>  foi-  almost  any 
mmediatc  shipments  can  be  made  from  stock. 
The  standard  ratings  range  as  follows : 

2  to    75  H.P.— 110  Volts  2  to  150  H.P.— 500  Volts 

2  to  1.50  H.P.— 220  Volts  6  to  100  H.P.— 600  Volts 

Full  particulars  in  Circular  106.3 

Westinghouse  Electric  &  Manufacturing  Co.,  Pittsburg,  Pa. 

Sales  Offices  in  all  Large  Cities 


The   staying   quality   of   Westingliouse    11eavy=Duty   Horizontal 
Qas=Blowing  Engines  is  a  matter  of  record 

During  a  recent  inspection  of  several  heavy-capacity  units  in  service 
in  one  of  the  largest  steel  mills  in  the  country,  it  developed  that  pistons 
of  the  engines  had  never  been  repaired  since  installation.  One  engine 
which  had  been  operating  a  j^ear,  was  not  opened  but  is  still  in  daily 
service.  An  inspection  of  one  of  the  power  cylinders,  after  6000  hours 
operation,  showed  the  cylinder  surface  had  taken  on  a  fine  polish,  and  that 
the  tool  marks  had  not  been  removed  by  wear.  Absolutely  no  shoulder 
could  be  detected  at  the  end  of  the  travel.  All  the  other  cylinders  were 
reported  to  be  in  the  same  excellent  condition. 

THE    WESTINGHOUSE    MACHINE    COMPANY 

PITTSBURG,  PA. 


The  ^  Flow  Meter  Aids  Steam 
Plant  Operation  in  Seven  Ways 


1. 


It  records  the  total  amount  of  steam  generated  b\ 


battery  of  boilers. 

r)     It  enables  equalization  of   the   load   on   individual 
""■    boilers. 

3,  It  detects  internal  leaks  and  deterioration  of  boilers. 

4.  It  determines  the  efficiency  of  stoking. 

It  locates  losses  between  boilers  and  points  of  con- 
sumption. 

It  records  the  total  amount  of  steam  delivered  to 
any  department. 

It   records    the   amount   of    steam    sold  for  power, 
heating  or  manufacturing  purposes. 

Any  one  of  the  many  uses  of  the  G-E  Flow  Meter  makes 
it  worth  while  to  equip  your  plant  with  this  device. 

Simple  in  Operation: 
Thoroughly  Practical 

The  G-E  Flow  ^lelcr  operates  on  the  well-known  principle 
of  the  Pitot  tube.  The  pressure  due  to  velocity  head  is  meas- 
ured, and  in  this  way  the  exact  rate  of  steam  flow  is  deter- 
mined. No  steam  enters  the  meter.  There  can  be  no  friction 
error — there  are  no  parts  to  wear  or  get  out  of  adjustment. 

A  G-E  Flow-Meter  can  be  attached  to  any  steam  pipe  by 
simply  tapping  a  hole  and  inserting  the  proper  sized  plug. 
One  meter  can  be  used  for  any  diameter  of  pipe. 

A  complete 


Install  this  Recording  Steam  Flow 
Meter  anywhere  you  wish  below  the 
vel  of  the  point  at  which  the 
to  be  measured,  and  you  can  have 
permanent  and  continous  record 
the  steam  flow  for  every  minute 


description  of 
the  G-E  Flow 
Meter  is  con- 
tained in'Bul- 
letin  4720-C. 

A  postal  brings 
It  to  you. 


The  portability  of  the  Indicating 
Steam  Flow  Meter  makes  it  service- 
able for  locating  leaks  or  taking  in- 
stantaneous readings  anywhere  about 
the  plant.   Weight  25  lbs. 


For  Pulsating  Flow 

Such  as  occur  in  operating  reciprocating  engines, 
pumps,  etc..  receiver  capacity  sufficient  to  produce 
continuous  flow  at  the  point  ot  installation  is  necessary 
unless  the  meter  can  be  recalibrated  after  it  is  installed. 
To  recalibrate  the  meter  for  this  condition,  a  water  rate 
test  must  be  run  on  the  unit  consuming  the  steam.  We 
will  be  pleased  to  advise  you  if  the  G-E  Flow  Meter 
can  be  adajjted  to  your  particular  condition. 


General  Electric  Compafiy 

Largest  Electrical  Manufacturer  in  the  World 
Sales  Offices  in  all  Large  Cities 

Principal  Office:  Schenectady,  N   Y. 


AlllS^CIIliWflS  CO 


ALLIS-CHALMERS 
STEAM     TURBIN  ES 


You  are  insured  against  turbine  troubles  when 
installing    Allis- Chalmers    Steam    Turbines. 


General  Offices 


Milwaukee,  Wisconsin 


SPRAGUE  ELECTRIC  COMPANY 


GENERATORS 

MOTORS 

DYNAMOMETERS 

SPRAGU  E 
ELECTRIC 


MANUFACTURER    OF 
HOISTS 
FANS 
CONDUITS 


ARMORED  CABLE 
OUTLET   BOXES 
ARMORED     HOSE 


MOTORS 


GENERAL 


THE    MOTORS  THAT  GIVE  SATISFACTORY  SERVICE 

We  make  high-grade  motors  as 
small  as  1-20  horsepower  and  as 
large  as  500  horsepower.  These 
motors  are  used  for  operating  delicate 
mechanism  and  driving  cumbersome 
machines. 

The  popularity  of  the  Sprague  Elec- 
tric Motors  is  due  to  their  very  careful 
construction  and  superior  design. 

Our  bulletin  No.  21860  shows  many  indus- 
trial applications  and  may  contain  some  sug- 
gestions for  you. 

OFFICES:  527-531  WEST  34TH  STREET,  NEW  YORK 

BRANCH   OFFICES   IN    PRINCIPAL  CITIES 
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RELIANCE  ADJUSTABLE 
SPEED  MOTOR 


iM^^^C      cor 


This  wheel  corvtrol^' 
the   speed   chanqe^s 
No  electrical 
coivtroller  aeeded 


'"P'HIS  is  the  only  motor  which  by  simple  means  gives  the  power,  overload  capacity  and  really 
accurate  speed  adjustment  over  wide  ranges  necessary  to  meet  the  changing  conditions  which 
are  constantly  arising  in  machine  tool  work.  It  gives  a  constant  horsepower  output  at  all 
speeds,  stands  heavy  overloads,  holds  a  set  speed  steadily  under  changing  loads  and  shows  a  high 
efficiency.  In  contrast  to  the  limited  number  of  speeds  and  smill  ranges  obtained  with  an  electrical 
controller  our  method  gives  an  unlimited  number  of  running  speeds  throughout  wide  ranges. 

The  starting  and  stopping  of  the  motor  is  entirely  separate  from  the  speed  control  so  that  It  ia 
possible  to  use  a  rugged  automatic  starter  which  makes  the  entire  equipment  "fool-proof." 

We  are  prepared  to  furnish  all  types  of  motors  for  the  complete  equipment  of  machine  shops. 
We  will  also  design  and  manufacture  all  brackets,  gears,  etc.,  for  converting  your  belt  driven  tools 
to  motor  drive.  Ask  us  to  send  a  copy  of  our  Folder  No.  10-S  wliich  contains  interesting  informa- 
tion for  the  machine  tool  user. 

RELIANCE    ELECTRIC   &  ENGINEERING   CO. 

710  Caxton   Building,  Cleveland,  Ohio 


CO-OPERATION 

by  Steam  and  Electrical  Experts  has  placed  RIDGWAY 
GENERATING  UNITS  in  the  lead  as  Efficient,  Durable, 
and   Reliable. 

Let  one  builder  be  responsible  for  the  performance  of  the 
unit  which  you  purchase. 

Ask  for  Bulletins,   Collections  H 

RIDGWAY   DYNAMO  AND   ENGINE  CO. 

RIDGWAY.    PA. 


ADVERTISING     SUPPLEMENT 


SECTION  4 

Hoisting  and  Conveying  Machinery 
Power  Transmission 


Machine  Shop  Equipment       -              -              .              .              .  Section    I 

Power  Plant  Equipment          -              .              .              .              .  Section  2 

Electrical   Equipment                .....  Section  3 

Hoisting   and  Conveying   Machinery.     Power  Transmission      -  Section  4 

Engmeering   Miscellany            .....  Section   5 

Directory  of  Mechanical   Equipment               -              -              -  Section  6 


Staying   New 

IT'S  no  trick  to   show   high   initial  efficiency 
with  a  Chain  Block. 
Everything  is  new — and  true. 
But    to    maintain    that   efficiency,    every   bearing 
must  stay  new  and  true. 

A  little  wear  in  one  place  throws  the  whole 
Hoist  out  of  order — makes  it  run  harder  and  lift 
less  —  makes  you  sorry  you  bought  that  kind. 

The  gear  system  in  a  Triplex  Block  stays  new 
and  stays  true,  day  in  and  day  out,  year  in  and 
year  out.  It  is  the  simplest,  strongest,  smoothest- 
running  gear  system  ever  put  into  a  chain  block. 
With  it  one  man  can  lift  twenty  tons — now  or  ten 
years  from  now. 

You  may  have  one  to  look  at  and  try  if  you'll 
only  ask  us  or  your  nearest  dealer. 

f  4  Styles:  Differential,  Duplex,  Triplex,  Electric. 
Chain    i  42  Sizes:  One-eighth  of  a  ton  to  forty  tons. 
Blocks  )  300  Active  Stocks  ready  for  instant  call  all  over  the 

[     United  States. 

TJic  Book  of  Hoists  tells  much — for  a  postcard 

The  Yale  &  Towne  Mfg.  Co. 

Only  Makers  of  Genuine  Yale  Products 
9  Murray  Street  -  -  -  -  New  York 

Local  Offices:        Chicago        Philadelphia        Boston        San  Francisco 


OTIS  ELEVATORS 

ALL  TYPES 

FOR  EVERY  KIND  OF  SERVICE 

Otis  Elevator  Company 

OFFICES 
IN   ALL   PRINCIPAL  CITIES   OF  THE  WORLD 
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The  Factory  Power  Transmission  System 
Should  be  a  Complete,  Tested   Unit 


Outfit  of  Shafting,  Dodge  Friction  Clutches,  Bearings  and  Pulleys  under  Running  Test 
on  Our  Assembling  Floor 

NO  satisfactory  service  would  be  expected  from  an  engine  if  the  frame 
was  bought  here,  the  cyhnder  there,  the  pibton  and  other  parts 
picked  up  elsewhere,  and  assembled  on  the  ground.  *  And  the  out- 
fit which  transmits,  is  as  important  as  the  engine  that  generates  the 
power.  *I  Complete  equipments  of  Dodge  Transmission  Machinery  represent 
the  greatest  possible  efficiency.  Our  engineers  design  Dodge  outfits  for  the 
particular  service  which  they  are  to  perform.  '  And,  in  addition,  every 
special  equipment  is  assembled  and  put  under  a  running  test  in  our  shops. 
No  less  a  try-out  will  demonstrate  the  absolute  accuracy  of  all  the  parts  of 
the  outfit.  *  Please  consider  what  this  kind  of  tested,  established  efficiency 
means  in  economy  of  erection  and  operation — how  it  eliminates  friction  loss  and 
reduces  the  expense  of  maintenance  and  attendance.  *i  if  you  contemplate 
the  installation  of  power  transmission  machinery,  or  if  your  present  power 
distribution  system  is  uneconomical,  write  us.  We  can  help  you  secure 
efficiency.  '  Get  our  new  complete  general  catalog  JC- 1  0.  "Power  Trans- 
mission Engineering"  and  other  interesting  matter  about  transmitting  power. 

DODGE    MANUFACTURING    COMPANY 


STATION   1-45,  MISHAWAKA,  INDIANA 


New  York 
Pittsburg 


Chicago 
Boston 

Philadelphia                       Minneapolis 
Cincinnati                          Brooklyn 

Agencies  i 

n  the  Other  Principal  Cities  of  the  Country 

Atlanta 
St.  Louis 
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ELECTRIC  HOISTS 


Mead  -  Morrison 

Manufacturing  Company 


NEW  YORK 


BOSTON 


CHICAGO 


THE  Mead-Morrison  line  of  Electric 
Hoists  includes  types  adapted  for 
every  class  of  service.  They  are  designed 
and  constructed  to  meet  the  most  exacting 
requirements  of  Quarrymen,  Contractors 
and  Bridge  Builders;  Railroad,  Dock, 
Sewer  and  Subway  Construction;  Dredg- 
ing, Logging,  Hauling,  Erecting  and  Driv- 
ing; Ships,  Docks,  Coal  Wharves,  Mines, 
etc.  Our  Engineers  will  be  glad  to  co- 
operate with  you  in  solving  your  hoisting 
problems.      Correspondence  invited. 

Works  and  General  Offices 
Cambridge,  Massachusetts 


New  York 

Chicago 

Baltimore 


i4g  Broadway 
Monadnock  Block 
I  Equitable  Building 
Montreal 


Pittsburg  -    712-713  Machesney  Building 

San  Francisco  -  -  -  Metropolis  Building 
New  Orleans  -  -  no  North  Peters  Street 
;R6  St.  James  Street 


The  plain  truth 
about  wire  rope 

There  are  just  two  ways  in  the  wide  world  to  cheapen  wire  rope; 

(i)  Rush  the  rope  through — kinks,  twists,  imperfections  and 
all — or 

(2)     Substitute  cheap  material. 

The  buyer  who  insists  on  low  prices  forces  the  maker  to  one 
or  both  of  these  evils. 

That  is  all  there  is  to  the  cheapening  problem — absolutely  a-1-1. 

Therefore  the  buyer  of  cheap  ropes  buys  a  liability  to  much 
trouble — much  expense. 

On  the  other  hand,  "YELLOW  STRAND"  ROPE  stands  first, 
last,  always,  for  HONESTY,  SAFETY,  DURABILITY. 

And  in  the  end  it  is  vastly  the  CHEAPEST  in  the  true  sense 
of  REAL  ECONOMY. 

If  you  don't  wane  cheap  rope,  stipulate  "YELLOW 
STRAND."  And  demand  that  "YELLOW  STRAND"  appear 
on  the  invoice. 

Ask  for  Catalogue  No.  2. 


BRODERICK  &  BASCOM  ROPE  CO. 

ST.   LOUIS,  MO. 


Works: 
St.  Louis,  Mo. 
Seattle,  Wash. 


Branches: 

76  Warren  St.,  New  York 

Seattle,  Wash.    San  Francisco 


THE 

STANDARD 

WIRE 

ROPE 


"S-A" 


DEFLECTING 
BUCKET 


LIP     PIVOTED 
CARRIERS 


For  handling  Coal— Stone— Ores 


These  carriers  will  convey,  elevate  and  store  heavy  materials  at  a  very  low 
cost  per  ton.  We  issue  the  best  catalog  of  conveying  machinery  published 
and  will  send  one  by  prepaid  express  to  those  interested  in  modern  labor  saving 
machinery. 

Stephens-Adamson    Mfg.  Co. 

Aurora,  Illinois 
Branch  Offices:  164  Dearborn  Street,  Chicago;  50  Churcii  Street,  New  York  City 


DIAMOND  CHAINS  ONIY 

WOUID  DO 

THE 

WORK   HERE 

This  machine 
mixes  foundry 
sand,     the 
knives  making 
acuteveryhah 
inch  from  the 
top  to  the  bot- 
tom of  the  pile. 
D  i  a  m  0  n  d 
chains   have 
long  been  used 
to  drive  both 
wheels  and 
cutting  kniues 
and   do    their 
work   well    in 
spite     of    the 
dampness  and 
the  dirt. 

le  drives.    Ask  for 

CO. 

NAPOLIS,    IND. 

i73) 

DIAMOND  .  '^^H 

m 

&*.- 

^ 

-^m 

wm 

CHAIN 

Let  our  engineers  advise  you  about  your  troubleson 
book  "Chain  Transmission  of  Power." 

DIAMOND   CHAIN  &  MFG. 

259  W.   GEORGIA  ST.                                             INDIA 

Capacity  & ,000 .("J'j  /' - '    i„  r  uair 

THE 


HJREEDY 

CINCINNATI.  O. 

ELEVATORS 

EVERY  TYPE 


COMPANY 
INC. 


CLYDE 


High  Grade   Hoisting   Engines 

have  steel  gears  and  ratchets. 

They  have  extra  heavy  shafting  and  long  bearings. 

Frictions  are  positive.     Connecting  rods  have  solid 

ends.     Boilers  have  large  heating  capacity  and 

securely  anchored.  Ask  for  Catalogue. 

CLYDE  IRON  WORKS 

DL'LUTH,  MINN. 


CHICAGO,   ILL.       NEW  ORLEANS,  LA. 


BOOKS   WANTED 


The    American    Society   of    Mechanical   Engineers    desires    to    obtain, 
through   donations,   purchase  or  exchange,   the    following    periodicals: 

American  Engineer,  Chicago.     Vol.  1.     1880. 

American  Gas  Light  Association,     Vol.  1.     Prior  to  1875. 

American  Machinist.    Vols.  1  and  2. 

American  Society  of  Naval  Engineers.     Vol.  1.     1889. 

Mechanical  Engineers,  N.  Y,     Vols.  1-4.     1881-1882. 

Scientific  American.     First  Series.     Vol.  1. 

Die  Gasmotorentechnick.     Vols.  1-5,  6.     Nos.   1-9. 

Le  Genie  Civil.     Vols.  1-23.     1880-1892, 

Glaser's  Annalen  fiir  Gewerbe  u.  Bauwesen.     Vols.  1-7.     1865-1889. 

Verein  Deutscher  Ingenieure.     Vols.  1-7,     1857-63. 

Der  Schiffbavj.    Vols.  1-8. 

The  American  Society  of  Mechanical  Engineers 

29  West  39th  Street,  New  York 
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Economical    Methods 
of    Handling   Materials 

We  design  and  build 
Conveyors  in  styles 
and  capacities  suitable 
for  whatever  materials 
they  are  to  handle  and 
whatever  conditions 
they  are  to  operate 
under. 

Give  us  an  opportunity  to  figure  on  your  conveying 
requirements  and  write  for  our  Catalog  K  8l,  illus- 
trating systems  in  operation. 

THE    JEFFREY    MFG.    CO. 

COLUMBUS,  OHIO 


Factories  of 

The 

B.  F.  Goodrich  Co. 

Akron,  O. 

Branches  in  All  the 

Principal  Cities 


The  largest  plant  in  the  world  and  the 
best  equipped  for  the  manufacture  of  rubber 
goods  of  every  description. 

We  are  upholding  our  reputation  with  the 
mechanical  engineers  of  America  for  the  Re- 
liability and  Uniformity  of  our  products.  We 
make  Conveyor  Belts  for  all  purposes: — you 
will  appreciate  the  durability,  adaptability  and 
uniform  quality  of 

GOODRICH    CONVEYOR     BELTS 
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TRANSACTIONS 

VOL.  30 


The  American  Society  of  Mechanical  Engineers 

Among  many  valuable  papers,  the  following  deal  with  five  important 
branches  of  Mechanical  Engineering. 


CONVEYORS 

Hoisting  and  Conveying  Machi- 
nery. 

Continuous  Conveying  of  Ma- 
terials. 

The  Belt  Conveyor. 

Conveying     Machinery     in     a 
Cement  Plant, 

Performance  of  Belt  Conveyors 

PROPERTIES  OF  STEAM 

Thermal    Properties    of    Super- 
heated Steam. 

A  Method  of  Obtaining  Ratios 
of  Specific  Heat  of  Vapors. 

The    Total    Heat    of   Saturated 
Steam. 


Metal   Cutting  Tools   Without 
Clearance. 

Interchangeable  Involute  Gear- 
Tooth  Systems. 

Spur  Gearing  on  Heavy  Railway 
Motor  Equipments. 


GAS  POWER 

A  Simple  Continuous  Gas  Calori- 
meter. 

Horse  Power,    Friction    Losses 
and  Efficiency  of  Gas  and  Oil 

Engines. 

A  Simple   Method  of  Cleaning 
Gas  Conduits. 

Loss    of     Fuel    Weight    in    a 
Freshly  Charged  Producer. 


MACHINE  SHOP  PRACTICE     STEAM  POWER  PLANT 


Comparison    of   Screw    Thread 
Standards. 

Efficiency  Tests  of  Milling  Ma- 
chines and  Milling  Cutters. 

Development  of  a    High-Speed 
Milling  Cutter. 


Fuel  Economy  Tests  at  a  Large 
Oil  Burning  Electric  Plant. 

Unnecessary    Losses    in    Firing 
Fuel  Oil. 

The    Slipping   Point   of    Rolled 
Boiler  Tube  Joints. 


BOUND,   HALF  MOROCCO,  $11.00  A  VOLUME 

The  American  Society  of  Mechanical  Engineers 
29  West  39th  Street.  New  York 


ALLIANCE    CRANES    All    Types 

Also  Rolling 
Mill  and 
Hydraulic 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Converting  Machinery,  etc. 

THE  ALLIANCE  MACHINE  CO.  Alliance,  Ohio 

Pittsburg  Office,  Frick  Building.  Birmingham  Office,  Woodward  Building 


CRANES  ""o  HOISTS 


ELECTRIC  AND  HAND  POWER 
ALL   TYPES  AND  CAPACITIES 


ALFRED    BOX    d,   CO 


Philadelphia, 


COMPLETE  EQUIPMENT 

AND  Cranes  of  All  Kinds  for 
GREY  IRON,  STEEL  AND  MALLEABLE 

FOUNDRY  PLANTS 


Equip- 

Pk 


ELECTRIC    TRAVELERS 
All  Types  for   Every  Ssrvice 


Buildings  designed  and  furnished. 

ment    installed    and    operated.      Plant. 

delivered   to    purchasers    ready  to   run. 

Whiting  Foindry  EqiipmentCo. 

Manufacturers,  Engineers,  Designers 
HARVEY,  ILL.  (Chicago  suburb) 


If  you  need  ELECTRIC  AND  HAND  TRAVELING  CRANES 

Learn  about 


I? 


©RfflERN 

cranes! 


Made  to  suit  the  most  exacting  engin;ering  requirements  and  the  most  severe 
duty.  AH  types,  capacities  and  sizes.  Safety  to  employes  given  especial  con- 
sideration in  all  our  designs. 

NORTHERN  ENGINEERING  WORKS, ^j^T^^'^ 


NEW  YORK  OFFICE,   120  LIBERTY  STREET 
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CHICAGO,  530  jnONADNOCK 


CORK 
IN 


(PArENTED) 


TURN     WASTED     POWER     INTO 
PRODUCT 

2400  more  picks   a  minute  are  being  obtained  by  equipping 
one  Loom  driving  pulley. 

1044  more  R.  P.  M.  are  being  obtained  by  the  equipment  of 
one  Winding  Machine  Clutch. 

500  more  spindle-hours  are  being  obtained  by  equipping  one 
Mule  Friction. 


400  more  R.  P.  M.  are  being  obtained  by  the  equipment  of 
one  Spinning  Frame  Pulley. 

In  each  of  these  cases  and  thousands  of  others  the 
increase  in  product  very  quickly  paid  for  the  Cork  Insert 
installation  and  thereafter  the  gain  is  clear  profit. 


How  about    Friction    Losses    in  your 
plant 

Cork  Insert  Pulley 
Will  you  try  a  ^  Cork  Insert  Clutch 
i  Cork  Insert  Friction 


NATIONAL   BRAKE  &  CLUTCH   COMPANY 

16  STATE  STREET,  BOSTON 


ADVERTISING      SUPPLEMENT 


SECTION  5 


Engineering   Miscellany 


Machine   Shop  Equipment       ...  -  -  Section    I 

Power  Plant   Equipment  .  .  .  -  -  Section  2 

Electrical   Equipment  ....  -  Section  3 

Hoisting   and  Conveying   Machinery.     Power  Transmission      -  Section  4 

Engineering   Miscellany  .....  Section  5 

Directory  of   Mechanical   Equipment  ...  Section  6 


Simplex  and  Duplex 
be  Simple  is  to  be  Great" 


t^ 


AmericanService  Pumps 

are  ideal  for  intermittent  service. 
Tiiey  cannot  short  stroke,  race 
or  pound  and  can  be  adjusted  to 
suit  conditions  We  guarantee 
very  low  steam  consumption  and 
minimum  cost  for  repairs. 

American  Steam  Pump  Company 

Battle  Creek,  Michigan 

Write  for  Bulletin  No.  SS7  B 


GOULDS 

Triplex  Power  Pumps  will  meet  your  pumping 
problem  more  economically  than  any  other  type. 
Their  great  saving  and  efficiency  is  acknowledged 
by  Engineers  everywheie 

Write  for  complete  Catalog 

THE  GOULDS  MFG.  CO. 

78  W.  Fall  Street  Seneca  Falls,  N.  Y. 

Branches  in  all  large  cities 


CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all   Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &  HUBBELL,  Agents,  61-69  N.  Jefferson 

Street,  Chicago,  111. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 
New  York  Office,  139-41  Cortlandt  Street 


VENTURl  METER  TUBE 


FOR   TWENTY   YEARS 
THE  VENTURl  METER 

has  measured  cold  water  flowing  in  medium  and  large  size  pipes. 
(6  inches  to  10  feet  diameter). 

Within  the  past  few  years  hundreds  of  these  meters  have  been 
measuring  HOT  WATER  (for  boiler  feed,  etc  )  in  pipes  as  small  as 
2  inches  diameter. 

Permit  us  to  send  you  A.S.M.E.  set  of  bulletins  gi-ving  full  particulars. 

BUILDERS  IRON  FOUNDRY,  providence,  r  i. 
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DO  YOU  KNOW 

About  the  many  successful  applications  of 
Standard   Plain   Roller  Thrust  Bearings? 

Send  for  our  new  booklet 

STANDARD    ROLLER    BEARING    COMPANY 

PHILADELPHIA,  PA. 

OF  INTEREST  TO   AUTHORS 


SCHOOL  OF  LATIN 

University  of  Virginia 
Messrs.  Williams  &  Wilkins  Co.  Charlottesville,  Va. 

2427-2429  York  Road  9th  Sept.,  1909 

Baltimore 
Dear  Sirs: — Your  completed  set  up  on  the  Sacred  Tripudium  is  an 
admirable  piece  of  accurate  and  beautiful  printing.  I  have  had  almost 
nothing  to  do  in  running  the  job  through;  and  yet  the  extreme  difhculties  of 
the  task  would  naturally  have  called  for  much  correction  from  me.  You 
are  to  be  highly  congratulated  on  the  efficiency  of  your  staff.  I  don't  believe 
there  is  a  finer  one  in  America.  Very  truly  yours,  Thomas  FitzHugh. 


WAVERLY  PRESS,  williams a.  wilkins co..  BALTIMORE,  MD. 


iii ^   New  Edition 


"Graphite  as  a  Lubricant"  for  1910 

This  newest  edition  is  just  off  the  press  with  all  the  latest  information  on 

graphite  lubrication.     Big  type,  easy  to  read  and  worth  reading. 

Write  for  free  copy   199-C. 

JOSEPH  DIXON  CRUCIBLE  CO. 

JERSEY  CITY,  N.  J. 

YEAR   BOOKS 

The  Society  wishes  to  have  a  hie  of  year  books  or  catalagues  complete 
since  its  formation.  Will  members  who  have  any  of  the  following 
numbers  either  send  them  to  the  Society  or  correspond  with  the  Secretary 

No.   2,   1881  No.     6,   1885  No.    13,   1892,  July 

No    3,   1882  No.     7,   1886  No.   14,    1893,  January 

No.  5,  1884  No.   12,   1891,  July  No.   14,   1893,  July 

Also  the  1903  edition  of  the  Pocket  List  of  Members 

The  American  Society  of  Mechanical  Engineers 
29  West  39th  Street,  New   York 


ADVERTISING     SUPPLEMENT 


SECTION  6 


DIRECTORY 

OF 

MECHANICAL 
EQUIPMENT 


A  concise  reference  list  of  Machine  Shop,  Power  Plant  and 
Foundry  Equipment;   Pumping  Machinery;   Power 
Transmission  Machinery;   Electrical  Appa- 
ratus;   Hoisting    and    Conveying 
Machinery  and  allied  lines. 


MACHINE  SHOP  EQUIPMENT 


MACHINE  SHOP  EQUIPMENT 


AMERICAN  WATCH  TOOL  COMPANY 

WALTHAM,  MASS. 

Bench  Lathes,  Automatic  Pinion  Cutters,  Automatic  Wheel  Cutters,  Sensitive 
Drills,  Profiling  Machines,  machinery  particularly  adapted  for  meter  manufacturing, 
tool  room  and  laboratory  work.  Estimates  given  on  special  vi'ork.  Send  for  new 
catalogue. 


PRECISION 
MACHINERY 


BUTTERFIELD  &  CO. 

DERBY  LINE,  VT.  ROCK  ISLAND,  P.  Q. 

Manufacturers   of  Taps,    Dies,    Screw  Plates,    Stocks   and    Dies,   Tap 

Wrenches,  and  all  Thread  Cutting  Tools.  Our  goods  are  not  surpassed  by 
any  in  the  world. 


TAPS 

and 
DIES 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sliarjiest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Caii)i.i  uiidum  pro- 
ducts include:  Grinding  Wheels  for  every  possible  grinding  need,  Sharpriiin;;  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Grains  and  Powders,  and  Garnet  Paper. 


CARBORUNDUI 
PRODUCTS 


S.   W.   CARD  MFG.   CO. 

MANSFIELD,  MASS.,  U.  S.  A. 
Card  Quality  Taps  are  made  the  best  we  know  how  and  we  know  how 
to  make  the  best.     Established  1874. 


TAPS 


THE   J.    M.    CARPENTER  TAP  &  DIE   CO. 

PAWTUCKET,  R.  I. 
Carpenter's  Tools  for  cutting  Screw  Threads,  Taps,  Dies,  Screw  Plates, 
Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38  years  on  the  market 
and  38  vears  in  the  lead. 


TAPS 

and 

DIES 


CINCINNATI  GEAR  CUTTING  MACHINE  CO. 
CINCINNATI,  O. 

Our    Automatic    Spur  Gear  Cutting  Machines  exceed  in    power   and 
capacity  and  equal  in  accuracy  any  machines  of  their  type  made. 


GEAR 

CUTTING 

MACHINES 


THE    CINCINNATI    SHAPER    CO. 

CINCINNATI,  O. 
We   manufacture  the   most  complete  line  of  Shapers  made,  including 
Plain  Crank,  Back  Geared  Crank,  Geared  Rack,  Open  Side  and  Traverse 
Shapers,  as  well  as  Crank  Planers. 
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SHAPING 
MACHINES 


MACHINE  SHOP  EQUIPMENT 


GEAR 
SHARERS 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Sliaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the 
fastest  machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


MILLING 
MACHINES 


THE  GARVIN  MACHINE  COMPANY 

137  Varick  St.  NEW  YORK  CITY 

Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  'lapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  Cut- 
ter Grinders,  Automatic  Chucks,  etc. 


NOISELESS- 
RIVETING 
MACHINES 


THE  GRANT  MANUFACTURING  &  MACHINE  CO. 
BRIDGEPORT,  CONN. 

Send  to  us  your  samples  and  we  will  rivet  them  with  our  Noiseless,  Blowless, 
Spinning  Process,  and  return  to  you  free  of  charge,  giving  rate  of  production  which 
is  usually  more  rapid  than  one  per  second. 


TURRET 
LATHES 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,   VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


HEAVY  DUTY 
BORING 

MILLS 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 

Vertical  Turret  Machines,  28"  and  34".     Vertical  Boring  and  Turning 
Machines,  42"  to  84",  inclusive. 


LATHES 

MILLING 

MACHINES 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,    OHIO. 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines. 
They  are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the 
cutting  tool.     It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MACHINE 
TOOLS 

ENGINEERING 
SPECIALTIES 


MANNING,  MAXWELL  &  MOORE,    Inc. 

SINGER  BUILDING,  NEW  YORK 
Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world    and    carry  in  stock  the  product   of  the  foremost  designers  of  the 
many  branches  of  machine  tool  building  in  the  United  States. 


DRILLS 

GRINDERS 

CENTERING 

AND  TAPPING 

MACHINES 


NATIONAL   MACHINE   COMPANY 

HARTFORD,  CONN. 
Sensitive  Drills,  1  to  10  Sjjindlcs;  Rcanu-r  and  Surface  Grinders;  Cen- 
tering and  Tapping  Machines.     All  kinds  of  Universal  Printing,  Embossing, 
and  Cutting  and  Creasing  Machines.     Send  for  catalogue. 


MACHINE  SHOP   EQUIPMENT 


THE   NATIONAL    MACHINERY   CO. 

TIFFIN,  OHIO 
We  build  a  complete  line  of  Bolt  and  Nut  Machinery,   including   Bolt  Cutters 
(threaders).   Bolt  and  Rivet  Headers,  Upsetting  and  Forging  Machines,  Hot  Pressed 
Nut  Machines,  Nut  Tappers,  Washer  Machines,  Wire  Nail  Machines  and  Lag  Screw 
Gimlet  Pointers. 


BOLT  AND 

NUT 

MACHINERY 


THE  NEW  PROCESS  RAW  HIDE  CO. 

SYRACUSE,  N.  Y. 

Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  aU  kinds. 


PINIONS 

AND 

GEARS 


NILES-BEMENT-POND   CO. 

Ill  Broadway  NEW  YORK 

Metal  Working  Machine  Tools,  all  kinds  and  sizes.  Niles  Cranes,  3  to 
200  tons  capacity.  Hydraulic  ]\Iachinery.  Steam  and  Drop  Hammers. 
Small  Tools  and  Gauges.     Catalogs  mailed  upon  request. 


MACHINE 
TOOLS 
CRANES 


RUSSELL,   BTTRDSALL  &  WARD  BOLT  &  NUT  CO. 

PORT  CHESTER,  N.  Y. 

Manufacturers  of  the  finest  grade  of  Bolts  and  Nuts  for  automobiles, 
machinery  and  engineering  work. 


BOLTS 

AND 
NUTS 


THE  STANDARD  TOOL  CO. 

CLEVELAND,  OHIO  94  Reade  St.,  NEW  YORK 

Twist  Drills,  Countersinks,  Chucks,  Sockets,  Emery  Wheel  Dressers, 
Wire  Gauges,  Reamers,  Taps,  Screw  Cutting  Dies,  Milling  Cutters,  Taper 
Pins. 


TWIST  DRILLS 

REAMERS 

CUTTERS 

TAPS 


WALTHAM  MACHINE  WORKS 

WALTHAM,  MASS. 

Our  Bench  Lathes  swing  8",  will  take  I"  rod  through  the  chuck  and  the  workman- 
ship is  of  the  highest  watch  machine  sbindard.  It  is  a  necessity  in  the  modern  tool 
room.  Catalog  for  those  interested.  Also  makers  of  Automatic  Precision  Bench 
Machinery. 


PRECISION 
BENCH 
LATHES 


THE  WARNER  k  SWASEY  COMPANY 

New  York  CLEVELAND  Chicago 

We  offer  a  most  complete  hne  of  high-grade  Turret  Lathes  for  produc- 
ing work  accurately,  rapidly  and  economically.  Our  catalog,  which  describes 
these  machines  fully,  will  be  mailed  on  request. 


TURRET 
LATHES 


THE  D.  E.  WHITON  MACHINE  CO. 

NEW  LONDON,    CONN. 
Whiton  Geared  Scroll  Combination  Chucks  have  the  special  qualities  of 
the  Whiton  Geared  Scroll  and  Independent  Jaw  Chucks.     Whiton  Revolv- 
ing Centering  Machine  is  designed  for  accurately  centering  finished  shafts. 


CHUCKS 
CENTERING 
MACHINES 


SCREW  PLATES, 
TAPS, 
REAMERS, 
BOLTCUTTERS 


STEAM   ENGINES  AND    BOILERS 


WIT.EY 


&  IIUSSELL  MFC 

GREENFIELD,  MASS. 


CO. 


Manufacturers  of  the  well-known  Lightning  "Machine  Relieved"  Taps,  Green 
River  and  Lightning  Screw  Plates;  Adjustable  Screw  Thread  Cutting  Dies;  Spiral 
Fluted  Reamers;  Opening-Die  Bolt  Cutters,  etc.     Send  for  catalogue  34X. 


STEAM   ENGINES  AND   BOILERS 


WATER    TUBE 
BOILERS 


ALMY  WATER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 
Manufacturers    of   Almy  Patent  Sectional  Water  Tube   Boilers   for  steamships, 
river  steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  fire  boats,   launches. 
Donkey  Boilers  for  steamships  and  for  all  kinds  of  stiitionary  work. 


ENGINES 


AMERICAN    ENGINE   CO. 

42  Raritan  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American  Ball  An^le  Compound  Engines.  Angle  com- 
pound, 80  to  1,000  h.  p.;  double  angle  compound,  160  to  2,000  h.  p.;  four 
cylinder  triple,  120  to  1,600  h.  p. 


WATER  TUBE 
BOILERS 


THE  BABCOCK  &  WILCOX  COMPANY 

Liberty  Street,  NEW'  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


STEAM 
ENGINES 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with 
non-detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


ENGINES 

STEAM  AND  GAS 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.    Buckeye  Four-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  50  to  6000  h.  p. 


STEAM 
BOILERS  AND 

ENGINES 
FEED-WATER 

HEATERS 


ERIE  CITY  IRON  WORKS 

ERIE,  PA, 

Boilers:  water  tube,  liorizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  porbible  and  vertical  tubular.  Engines:  four  valve,  enclosed  high  speed, 
automatic,  center  crank,  side  crank,  portable.    Feed- Water  Heaters  from  25  to  600  h.p. 
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STEAM   ENGINES  AND   BOILERS 


FRANKLIN  BOILER  WORKS  CO. 

TROY,  N.  Y. 
Sales  Office:  39  Cortlandt  St.,  NEW  YORK 
Manufacturers  of  the  Franklin  Water-Tube  Boiler.     Built  entirely  of 
wrought  steel.     Large  grate  service,  steam  space  and  forcing  capacity. 


WATER-TUBE 
BOILER 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 
HARRISBURG,   PA. 
Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


STEAM 
ENGINES 


HEINE  SAFETY  BOILER  CO. 

ST.  LOUIS,  MO. 

Heine  Water  Tube  Boilers  and  Superheaters,  manufactured  in  units  of 
from  50  to  600  H.  P..  will  materially  reduce  power  plant  expense. 


WATER 

TUBE 

BOILERS 


HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 
Makers  of  improved  Patent,  Double  Port  Corliss  Engines,  Heavy  Duty 
or  Girder   Frame,   Simple  or  Compound,  having  our  new  Franklin  High- 
speed Liberating  Valve  Gear. 


STEAM 
ENGINES 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO. 
Manufacturers  of   Hamilton  Corliss  Engines,   Hamilton  High  Speed 
Corliss    Engines,    Hamilton    Holzwarth    Steam   Turbines,    Special    Heavy 
Castings. 


ENGINES 
TURBINES 
CASTINGS 


A. 

L.   IDE  & 

SPRINGFIELD, 

SONS 

ILL. 

The  Ideal 

Engl 

ne. 

Built  for  all  power  purposes, 

in  simple 

and 

com- 

pound  types. 

STEAM 
ENGINES 


MURRAY    IRON   WORKS   CO. 

BURLINGTON,  lA. 

Manufacturers  of  the  Murray  Corliss  Engine  and  Murray  Water  Tube 


Boiler. 


ENGINES 
BOILERS 


PROVIDENCE  ENGINEERING  WORKS 

PROVIDENCE,  R.  I. 
Rice   &   Sargent   Higher   Speed   Corliss   Engines,    Improved   Greene 
Engines,  Providence  Gas  Engines  and  Gas  Producers,  Providence  Steam 
Turbines,  Automobile  Motors  and  Parts,  Special  Machinery. 
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STEAM   AND 

GAS  ENGINES 

GAS 

PRODUCERS 

STEAM 
TURBINES 


ENGINES 
GENERATORS 


STEAM  ENGINES  AND  BOILERS 


RIDGWAY  DYNAMO   AND  ENGINE  CO. 

RIDGWAY,  PA. 

Ridgway  Engines;  four-valve,  cross  compound,  belted,  single-valve, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 


BOILERS 


ROBB-MUMFORD    BOILER   CO. 

SOUTH  FRAMINGHAM,  MASS. 
131  State  St.,  BOSTON  90  West  St.,  NEW  YORK 

Robb-Mumford  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


TURBINES 

ENGINES 

GAS 

PRODUCERS 

CONDENSERS 

STOKERS 


THE  WESTINGHOUSE  MACHINE  CO. 

EAST  PITTSBURG,  PA. 

Designers  and  builders  of  Steam  Turbines,  Steam  Engines,  Gas  En- 
gines, Gas  Producers,  Condensers  and  Mechanical  Stokers. 


Air 
Compressors 


WISCONSIN    ENGINE   COMPANY 

CORLISS,  WIS. 
Corliss   Engines,    Air   and    Gas   Compressors,    High    Duty    Pumping 
Engines,  Blowing  Engines,  Rolling  Mill  Engines,  "Complete  Expansion" 
Gas  Engines. 


GAS  ENGINES  AND  GAS  PRODUCERS 


GAS 
ENGINES 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Gas  Engines  to  operate  on  producer  gas,  natural  gas  or 
furnace  gas,  capacities  from  300  to  5000  B.H.P. 


GAS  ENGINES 

AND 

PRODUCERS 


THE  BRUCE  MACBETH  ENGINE  CO. 

Successors  to  THE  BRUCE-MERIAM-ABBOTT  COMPANY 
2116   Centre  St.,  N.  W.     CLEVELAND,  O. 
Vertical  Gas  Engines,  Two  and  Four  Cylinders.      For  natural  or  pro- 
ducer gas.      15  to  300  H.  P.      Economy,  reliability  and  simplicity  unex- 
celled.   


REFRIGERATING 

and 

ICE    MAKING 

MACHINERY 

OIL   AND    GAS 

ENGINES 


DE  LA  VERGNE  MACHINE  COMPANY 

Foot  of  E.   138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity;  Oil 
Engines  up  to  250  B.  H.  P. ;  Gas  Engines  75  to  2400  B.  H.  P. 
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GAS  ENGINES  AND   GAS   PRODUCERS 


DU  BOIS  IRON  WORKS 

DU  BOIS,  PA. 
Du  Bois  Gas  Engines  operate  at  lowest  possible  fuel  expense  on  natural 
or  city  g-as,  gasoline  or  producer  gas.     Speed,   gas,   air  and  electric  spark 
are  adjustable  while  engine  is  running.     Sizes  5  to  375  h.  p. 


GAS 
ENGINES 


GAS  ENGINE  AND  POWER  CO. 

and 
CHARLES    L.    SEABURY   &   CO. 


Morris  Heights, 


Consolidated 


NEW  YORK  CITY 

Manufacturers  of  Seabury  Water  Tube  Boilers.  Marine  Steam  Engines  and  Speed- 
way Gasolene  Engines.     Also  Yacht  and  Launch  Builders. 


MARINE    STEAM 
ENGINES 

SPEEDWAY 
GAS    ENGINES 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 

128-138  MoTT  St.,  NEW  YORK 

Oil  Engines,    Marine  and  Stationary,  2-'200  h.  p.     Direct  coupled  or 
belted  to  Generators,  Air  Compressors,  Pumps,  Hoists,  etc.,  etc. 


OIL 
ENGINES 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  cajjable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  h,  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


GAS    ENGINES 

AND 

PRODUCERS 


STRUTHERS- WELLS  COMPANY 

WARREN,  PA. 

Warren  Vertical  and  Tandem  Gas  Engines  and  Section  Gas  Producers  have  heavy 
overload  capacity,  close  regulation,  positive  lubrication,  positive  circulation  of  cooling 
water.  No  joints  between  combustion  chamber  and  water  jackets.  All  valve  cages 
removable. 


GAS     ENGINES 

AND 

PRODUCERS 


THE  SUPERIOR  GAS  ENGINE  CO. 

SPRINGFIELD,  OHIO. 
Superior  Tandem  Engines,  100  to  -200  H.  P.     Single  Cylinder  Engines, 
5  to  100  H.  P.     Will  operate  economically  on  natural,  artificial  or  producer 
gas,  gasoline  or  distillate.      All  Engines  carry  a  30  to  "25%  over  load. 


GAS 
ENGINES 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  1100.  Gas  Producer  Tests:  Fernald,  price  $.30;  No.  1126.  Producer  Gas  Power 
Plant;  Bibbins,  price  $.20;  No.  1133.  Evolution  of  Gas  Power:  Junge,  price  $.50;  No.  1166. 
Duty  Test  on  Gas  Power  Plant:  Bibbins  and  Alden,  price  $.40;  No.  1167.  Control  of 
Internal  Combustion:  Lucke,  price  $.20.  Price  per  set,  $1.50. 


PAPERS 

ON 

GAS 

PRODUCERS 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  824.  New  System  of  Valves  for  Steam  Engines,  Air  Engines  and  Compressors: 
F.  W.  Gordon,  price  $.20:  No.  894.  Test  of  an  Hydraulic  Air  Compressor:  W.  O. 
Webber,  price  1.10;  No.  1017.  Improvement  in  Valve  Motion  of  Duplex  Air  Compres- 
sors: S.H.  Bunnell,  price  $.10;  No.  1131.  A  High  Duty  Air  Compressor:  O.P.Hood, 
price  $.30. 


PAPERS 

ON 

AIR 

COMPRESSORS 


BLOWERS,    FANS,   DRYERS,   ETC. 


BLOWERS,   FANS,   DRYERS,  ETC. 


BLOWERS 

FANS 

EXHAUSTERS 


GAS 
EXHAUSTERS 


DRYERS 


EXETER   MACHINE   WORKS 

EXETER,  N.  H. 

Manufacturers  of  Exeter  Pressure  Blowers  and  Fan  Blowers;  Exeter  Exhausters 
for  Wood;  Exeter  Ventilator  Wheels;  Larigre  Exeter  Fans  and  Exhausters  for  Heating, 
Ventilating,  Forced  and  Induced  Draft.    Catalogue  gives  details. 


P.   H 


&  F.   M.   ROOTS  CO. 

COXNERSVILLE,  IND. 


Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for 
vacuum  cleaning,  for  laundries,  for  blacksmiths.  Positive  Rotary  Pumps,  Positive 
Pressure  Gas  Exhausters.     High  Pressure  Gas  Pumps.     Flexible  Couplings. 


RUGGLES  COLES  ENGINEERING  CO. 

McCoRMicK    Bldg.,  CHICAGO  Hrnsox  Terminal,  NEW  YORK 

Dryers.      Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


FANS 

BLOWERS 

ECONOMIZERS 


B.   F.   STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  eqizipment  to    force   or    exhaust  air  under    aU  conditions. 
Largest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
ENGINES  work  done  where  necessary.     Consulting  representatives  in  ornear  your  city. 


POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


INJECTORS 


AMERICAN  INJECTOR  COMPANY 

DETROIT,  MICH. 
U.  S.  Automatic  Injectors,  Ejectors,  Jet  Pumps,  Drive  Well  Jet  Pumps, 
Exhaust  Injectors,  Fire  Plugs,  Grease  Cups,  Oil  Cups,  Oil  Pumps,  Water 
Gages,  Gage  Cocks,  lubricating  devices  and  other  steam  specialties. 


VALVES 

GAUGES 

INDICATORS 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 

BOSTON,  MASS.  Estahlished  1851 

Presssure  aud  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  loco- 
motive use.  The  American  Thompson  Improved  Indicator  with  new  improved  detent 
motion. 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


THE  ASHTON  VALVE  CO. 

BOSTON  NEW  YORK  CHICAGO 

Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 

Off  Valves,  Pressure  and  Vacuum  Gages.     All  of  a  superior  quality  and 

guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction 


VALVES 
GAGES 


BRIDGEPORT  BRASS  CO. 

BRIDGEPORT,  CONN. 
Brass  and  Copper  in  Tube,  Wire,  Sheets,  Rods,  etc.     We  make  Con- 
denser Tubes,  both  in  the  brass  and  admiralty  mixtures. 


CONDENSER 
TUBES 


THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 
Bristol's  Recording  Pressure  and  Vacuum  Gauges.     Bristol's  Recording  Ther- 
mometers.    The  Wm.  H.  Bristol  Electric  Pyrometers.     Bristol's  Recording  Voltmeters, 
Ammeters  and  Wattmeters.     Bristol's  Recording  Water  Level  Gauges.     Bristol's  Time 
Recorders  and  Bristol's  Patent  Steel  Belt  Lacing. 


RECORDING 

GAUGES 

and 

INSTRUMENTS 


HENRY  W.   BULKLEY 

ORANGE,  N.  J. 
The  Bulkley  Injector  Condensor  is  guaranteed  to  form  the  best  vacuum 
by  head  of  water  or  by  supply  pump.      In  general  use  on  all  classes  of 
engines. 


INJECTOR 
CONDENSORS 


CHAPMAN  VALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON       NEW  TOKK       ST.  LOUIS       PITTSBURGH       CHICAGO       PHILADELPHIA       SAN  FRANCISCO 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.     Sluice  Gates. 
Send  for  catalogue. 


VALVES 


CROSBY  STEAM  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

Steam,  Gas,  Hydraulic  Indicators;  Stationary,  Marine.  Locomotive  Safety  Valves; 
Gages  for  all  purposes;  Recording  Instruments:  Chime  Whistler;  Sight  feed  Lubrica- 
tors: Globe  and  Angle  Valves,  Iron  and  Brass,  for  high  pressures;  Blow-off  Valves;  Gage 
Testing  Instruments;  Boiler  Testing  Instruments;  Planimeters  and  other  specialties. 


STEAM 
APPLIANCES 


DEARBORN  DRUG  k  CHEMICAL  WORKS 

General  Offices  and  Laboratories:   Postal  Telegraph  Bldg.,  CHICAGO 
Analyze  gallon  samples  of  boiler  waters,  and  furnish  reports  to  steam 
users,  gratis.     Prepare  scientific  water  treatment  for  the  prevention  of  scale, 
corrosion,  pitting,  foaming,  and  all  troubles  caused  from  boiler  waters. 


BOILER 
WATER 

TREATMENT 
BOILER 

COMPOUND 


JOSEPH  DIXON  CRUCIBLE  CO. 

JERSEY  CITY,  N.  J. 
Miners,  importers  and  manufacturers  of  Graphite,  Plumbago,  Black- 
Lead  Pencils,  Crucibles,  Stove  Polish,  Lubricants,  Paints,  and  Graphite, 
Products  of  all  kinds. 
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GRAPHITE 
PRODUCTS 


FEED  WATER 

HEATERS 

STEAM  AND  OIL 

SEPARATORS 

WATER 
PURIFICATION 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


HARRISON  SAFETY 

3199  N.   17th  St., 


BOILER  AVORKS 

PHILADELPHIA,  PA. 


COCHRANE  Open  Feed  Water  Heaters.  Steam  Stack  Heaters  and 
Receivers,  Steara  and  Oil  Separators,  Hot  Process  Water  Softening  Systems. 
Write  for  engineering  leaflets  (Series  45)  describing  uses. 


VALVES 


HOMESTEAD  VALVE  MANUFACTURINCr  COMPANY 

Works:     HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-oif  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


FEED-WATER 

HEATERS 

PURIFIERS 

STEAM  AND  OIL 

SEPARATORS 

EXHAUST 

HEADS 


HOPPES  MANUFACTURING  CO. 

47  James  St.  SPRINGFIELD,  OHIO 

Exhaust  Steam  Feed-Water  Heaters,  Live  Steam  Feed-Water  Purifiers, 
Steam  Separators,  Oil  Eliminators  and  Exhaust  Heads.  All  machines 
guaranteed.     Prices,  catalogs  and  blueprints  on  request. 


VALVES 
STEAM  TRAPS 
SEPARATORS 
REGULATORS 


THE  HUGHSON  STEAM  SPECIALTY  CO. 


Maiiufactureis  of  1 
The  best  and  only  absol 
Pump  Kegrulators,  Sopai 
for  complete  catalogue. 


CHICAGO,  ILL. 

i;;  \  alvcsfor  all  pressuii's  : 
i-(  l<>s  Combination  Back 
cam   traps,  Automatic  Stc 


for  steam,  air  and  water. 
<ssine  and  Relief  Valve. 
nd  Clieck  Valves.    Write 


VALVES 

PAC^^ING 

DISCS 


JENKINS  BROS. 

NEW  YORK  BOSTON  PHILADELPHIA  CHICAGO 

Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  Jenkins  Discs, 
Jenkins  '96  Packing,  Jenkins  Bros.  Pump  Valves,  Jenkins  Gasket  Tubing. 
Sole  agents  for  Sellers'  Restarting  Injector.     Catalog  mailed  on  request. 


MAGNESIA 
ASBESTOS 

AND 
BRINE  PIPE 
COVERINGS 


ROBERT 

100  N.  MooKE  St. 


A. 


KEASBEY  CO. 

NEW  YORK  CITY 


Telephone:  6097  Franklin. 
Heat  and  Cold  Insulating  Materials.      Headquarters  for  85%  Magnesia, 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


VALVES 


THE  KlvNNKDV 

i:lmika,  n.  y. 


^  ALVE  MANl'FACTI  RING  CO. 

57  Beek.man  St.,   NEW  YORK 


Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hydrants; 
Indicator  ^'alves  for  Automatic  Sprinkler  Ecjuipment. 


1ECHANICAI 
STOKERS 


LACLEDE-CIIRISTY  CLAY  PRODUCTS  CO. 


Main  Office  and  Works 

Manchesterand  Sulphur  Avea. 

St.  Louis,  Mo. 


STOKER  DEPT. 


Branch  Office 

448  Com.  Nat.  Bank  Bldg. 

Chicago,  111. 


The  "Laclede-Christy"    Chain    Grates  have   solved   the    problem    of 
economical  boiler  plant  ojjeration.      Catalogue  on  request. 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


THE  LUDLOW  VALVE  MFG.   CO. 

TROY,  N.  Y. 
Manufacturers   of  genuine   Ludlow   Gate   Valves    for   all   purposes. 
Special  Blow-off  Valves.      Check  Valves.     Foot  Valves.       Sluice  Gates. 
Indicator  Posts.     Fire  Hydrants. 


VALVES 

BLOW-OFF 

VALVES 

FIRE  HYDRANTS 


McCORD  AND  COMPANY 

CHICAGO  NEW  YORK 

The    McCord    Spring   Dampener.      The    McCord   Journal    Box.      The 
McCord  Draft  Gear.     The  McCord  Force-feed  Lubricator. 


RAILWAY 
SPECIALTIES 
LUBRICATORS 


MONARCH  VALVE  &  MANUFACTURING    COMPANY 
39  CoRTLANDT  St. ,  NEW  YORK  SPRINGFIELD,  MASS. 

Manufacturers  of  Bronze  and  Iron  Bodied  Valves  for  various  pressures 
and  purposes. 


VALVES 


MOREHEAD    MANUFACTURING 

DETROIT,  MICH. 


CO. 


Return,  Non-Return  and  V. 
is  the  original  design  of  iUtiini  t 
tury.  For  reliable  and  satisfacti 
trated  descriptive  catalog  sent  o 


■limn  Steam  Traps.  The  Morehead  Tilting  Steam  Trap 
ip.  having  been  on  the  market  for  a  quarter  of  a  cen- 
r\  service  this  type  of  trap  recommends  itself.  lUus- 
requcst. 


STEAM 
TRAPS 


NELSON  VALVE  COMPANY 

PHILADELPHIA 

Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  any  temperature.  Our 
new  2"24-page  Valve  Catalogue  sent  free  on  request. 


VALVES 


AV.   H.   NICHOLSON  &  COMPANY 

WILKES-BARRE,  PA. 

The  Wyoming  Automatic  Eliminator  is  a  combination  Steam  Separator 
and  Trap.  It  has  the  capacity  to  handle  floods  as  well  as  ordinary  conden- 
sation.    Write  for  catalog'ue  on  separators  and  steam  traps. 


STEAM 

SEPARATORS 

TRAPS 


THE  OHIO  INJECTOR  COMPANY 

WADSWORTH,  O. 

Manufacturers  of  Ohio  Locomotive  Injectors,  Garfield  Injectors  and  Ejectors, 
Ohio  Automatic  Injectors,  Chicago  Automatic  Injectors  and  Ejectors,  Chicago  Sight- 
Feed  Lubricators  for  locomotive  and  stationary  service.  Grease  Cups,  Oil  Cups,  Water 
Gauges,  Gauge  Cocks,  O.  I.  Co.  Valves,  etc. 


INJECTORS 

EJECTORS 

LUBRICATORS 

GREASE  CUPS 

GAUGES 

VALVES 


POWER  PLANT  SPECIALTY  COMPANY 

625  MONADNOCK  Blk.,  CHICAGO,  ILL. 

Manufacturers  of  the  Vater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  Vater  Open  Feed  Water  Heater,  Monarch  Vacuum  Drain 
Trap,  Pressure  and  Gravity  Filters.      Correspondence  solicited. 
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SEPARATORS 
FEED-WATER 

HEATERS 
SOFTENERS 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


eUPERHEATERS 


POWER 

SPECIALTY 

CO. 

111 

Broadwav 

NEW  YORK 

Tne  Foster  Patent  Supei 

heater. 

saves  feed  water,  co 

ndensing  water, 

coa 

and  boiler  power. 

WATER 
SOFTENING 
PURIFYING 

and 
FILTERING 
SYSTEMS 


WM.  B.   SCAIFE  &  SONS  COMPANY 

221  First  Ave.,  PITTSBURG,  PA. 

WE-FU-GO  and  SCAIFE  Water  Softenino-,  Purifying  and  Filtering 

purposes 


Systems  for  boiler  feed  water  and  all  industrial  and  domestic 


ROTARY 
GATE 
VALVE 


JOHN 

110  Centre  St. 


SIMMONS  COMPANY 


NEW  YORK 

The  Rothchild  Rotary  Gate  Valve  is  the  only  Valve  made  that  will 
positively  hold  steam,  water,  ammonia,  j;as,  air,  oil  or  other  fluids — hot 
or  cold,  without  any  adjustment,  repairs  or  replacing  of  parts. 


HIGH 

PRESSURE 

FITTINGS 


THE  TIGHT  JOINT  COMPANY 

306-310  East  4Tth  Street  NEW  YORK  CITY 

High  Pressure  Fittings  and  Valves  for  general  hydraulic  systems,  Air 
or  Oil  Pressures,  for  pressures  of  500;  1000;  1500;  3000  and  5000  lbs. 
Send  for  catalogue. 


CONDENSERS 

PUMPS 

COOLING 

TOWERS 


WHEELER  CONDENSER  &  ENG.   CO. 

Main  Office  and  Works:    CARTERET,  N.   J. 

Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative 
Dry  Vacuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


CONDENSERS 

COOLING 
TOWERS 

FEED-WATER 
HEATERS 


C.  H.  WHEELER  MFG.  CO. 


PHILADELPHIA, 
CHICAGO 


PA. 


SAN  FRANCISCO 


Manufacturers  of  High  Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed  Water  Heaters,  Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


PAPERS 

ON 

POWER 

TRANSMISSION 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  585.  Power  Losses  in  Transmission  Machinery  of  Central  Stations : 
Aldrich,  price  .f. 30;  No.  808.  Power  Transmission  by  Belt:  F.  L.  Emory, 
price  .$.10;  No.  1180.  Power  Transmission  by  Friction  Drives:  W.  F.  M. 
Goss,  price  $.20;  Paper  on  Belting:  C.  G.  Barth,  price  .$.30. 


PAPERS 

ON 

CONDENSERS 


PAPERS  FROM  TRANSACTIONS    OF  A.  S.   M.   E. 

No.  291.   Surface  Condensers:  J.  M.  Whitliaiii,  ])rice  .$ .10;  No.  534.  An 
Evaporative  Surfoce  Condenser:  J.  H.  Fitts,  price  iJS.lO;   No.  6iKi.    A  Self- 
Cooiing  Condenser:   Ralberger,  price  $.^20;   No.  107s?.   Condensers  for  Steam 
Turbines,  price  $.20. 
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POWER  TRANSMISSION 


POWER  TRANSMISSION 


THE   AMERICAN   PULLEY 

PHILADELPHIA,  PA. 


CO. 


The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  anv  one  make  of  pulley.  No  key,  no  set  screw,  no  slip;  light, 
true  and  amply  strong  for  double  belts.    120  stocks  carried  in  the  United  States. 


PULLEYS 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  laro-est  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pulleys 
rano-e  from  6  to  126"  diameter,  3  to  40"  face,  and  fit  any  size  shaft  from  1 
to  sl".     Let  us  send  you  our  booklet  illustrating  all  styles. 


PULLEYS 


DIAMOND  CHAIN  ^  MANUFACTURING  CO. 

259  West  Georgia  St.  INDIANAPOLIS,  IND. 

Diamond  Chains  are  more  durable  than  the  best  belts.  If  your 
short  transmissions  are  giving  trouble,  our  engineering  department  will  ad- 
vise you  free  of  charge. 


CHAIN 
DRIVE 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 
Everything   for  the  Mechanical   Transmission  of  Power.       Plans  and 
estimates  furnished  on  complete  mill  and  factory  equipments. 


POWER 
TRANSMISSION 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 

Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 
for  belt,  rope  or  gear  driving,  including  the  well  known  Hill  Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


POWER 
TRANSMISSION 


NATIONAL  BRAKE  &  CLUTCH  COMPANY 

16  State  Stkeet,  BOSTON,  MASS. 

We  license  others  to  maniifaoture,  use  or  sell  Cork  Insert  Pulleys,  Clutches  and 
Brakes.  They  increase  efficiency  50  to  100%,  and  are  used  in  automobile,  shafting  and 
machinery  chitches  and  in  motor,  shafting  and  machinery  pulleys.  Send  for  pam- 
phlets showiiiiT  titty  applications. 


CORK  INSERT 


FRICTION 
SURFACES 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 

Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


Pulleys — Papcr 

Frict(on 
Transmission 


POWER  TRANSMISSION 


POWER 
TRANSMISSION 


T.   B.   WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern  and  Approved    Appliances    for   the   transmission   of   Power. 
Shafting,  Couplings,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 


HOISTING  AND   CONVEYING   MACHINERY 


CRANES 

STEAM 

HAMMERS 

PUNCHES 

AND 

SHEARS 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper-Con- 
verting Machinery,  etc. 


HOISTS 
CRANES 


ALFKED  BOX  &  COMPANY 

PHILADELPHIA,    PA. 
Builders  of  Box's  Double  Screw   Chain  Hoists,  Trolley   Hoists   and 
Electric  Hoists;  Jib  and  Traveling  Cranes,  Electric  or  Hand  Power,  up  to 
100  tons  capacity. 


BRODERICK  &  BASCOM  ROPE  COMPANY 

ST.   LOUIS,  MO. 

TD  A  lui  lAf  A  vc  Manufacturers  of  Wire  Rope  for  over  a  quarter  of  a  century  and  of  the 

TRAMWAYS      famous  Yellow  Strand  Wire  Rope,  the  most  powerful  rope  made. 

Special  system  of  Aerial  Wire  Rope  Tramways  for  conveying  material. 


WIRE    ROPE 

Aerial  Wire  Rope 


HOISTING 
MACHINERY 


THE  BROWN  HOISTING  MACHINERY  CO. 

New  York  CLEVELAND,  O.,  U.  S.  A.  Pittsburg 

Designers  and  manufacturers  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
heavy  Hoisting  Machinery  of  all  description.  Also  Ferroinclave  for  reinforced  con- 
crete roofing. 


CONVEYORS 

ELEVATORS 

POWER 

■RANSMISSION 


HOISTING 
ENGINES 
AND 
DERRICKS 


H.  W.  CALDWELL  &  SON  COMPANY 


Boston 
Helicoid  & 
screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheaves 
and  drives,  sprocket  wneels  &  cnam,  buckets,  belting,  shafting  and  bearings. 


New  York  CHICAGO 

Elevating,  Conveying  and  Power  Transmitting  Machinery 


CLYDE  IRON  WORKS 

DULUTH,  MINX. 
Hoisting  Engines  and  Derricks.     All  si/A-s  and  t\  jhs  of  engines. 
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HOISTING  AND  CONVEYING  MACHINERY 


THE  J.  M.  DODGE  COMPANY 

NICETOWN,  PHILA.,  PA. 

Contracting-Engineers.  "The  Dodge  System"  of  coal  storage,  Bridge  Tramways, 
Telphers,  Locomotive  Cranes,  Revolving  Cranes,  Locomotive-Coaling  Stations,  Hoisting 
Towers,  Direct  Unloaders,  Car  Dumpers,  Steel  and  Concrete  Structures. 


COAL 

STORAGE 

CONVEYING 

MACHINERY 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 
Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight  Ele- 
vators,   Hoisting   Machines,  Friction  Winding  Drums,   Friction   Clutches 
and  Friction  Clutch  Pulleys. 


ELEVATORS 

FRICTION 

CLUTCHES 

PULLEYS 


THE  B.   F.   GOODRICH  CO. 

AKRON,  OHIO 
Manufacturers  of  Goodrich  Conveyor  Belt.     The  Goodrich  "Longlife," 
"Economy"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  any  other  belt  made. 


CONVEYOR 
BELTS 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 


ELEVATING 
CONVEYING 

MINING 
MACHINERY 


LIDGERWOOD  MFG.   CO. 

96  Liberty  St.  NEW  YORK 

Hoisting  Engines— steam  and  electric,   for  every  use  of  the  contractor,  miner, 

warehouseman,  railroads,  ship  owners,  etc.   Derricks,  Derrick  Irons  and  Derrick  Hoists, 

Cableways  for  hoisting  and  conveying.  Marine  Transfer  for  coal  and  cargo  handling. 


HOISTING 
ENGINES 


CABLEWAYS 


MARINE 
TRANSFER 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyors  for   every  purpose;    all   accessories;    Power 
Transmission  Machinery. 


ELEVATORS 

AND 
CONVEYORS 


MEAD-MORRISON  MANUFACTURING  COMPANY 

NEW  YORK  BOSTON  CHICAGO 

Coal-Handling  Machinery,  Hoisting  Engines,  complete  Discharging  and  Storage 
Plants,  Cable  Railways,  Marine  Elevators,  McCasIin  and  Harrison  Conveyors,  Steam, 
Electric,  Belt  and  Gasoline  Hoists,  Derrick  Swingers,  Grab  Buckets,  Steam  Boilers, 
Locomotive  Derricks,  Suspension  Cableways. 


ELEVATING 

AND 
CONVEYING 
MACHINERY 


THE   MORGAN   ENGINEERING    CO. 

ALLIANCE,  OHIO 

Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.  We 
also  design  and  build  Steel  Plants  complete.  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  MiU  and  Special  Machinery. 
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CRANES 


CRANES 
HOISTS 


HOISTING  AND   CONVEYING   MACHINERY 


NORTHERN  ENGINEERING  WORKS 

DETROIT,  MICH. 
We  make  Cranes  of  all  types  up  to  150  tons.     We  also  make  Grab 
Bucket  Cranes  and  Hoists  for  coal  storage  service,  Cupolas,  Coal  and  A.sh 
Handling  Machinery,  Elevators  and  Foundry  Equipment. 


ELEVATORS 


OTIS  ELEVATOR  COMPANY 


17  Battery  P 


NEW  YORK 


Electric  Elevators,  alternating  and  direct  connected;  Hydraulic  Elevators,  direct 
connected;  Hydraulic  Elevators,  vertical  and  horizontal;  Vertical  and  Plunger  Eleva- 
tors; Electric  Steam  and  Mining  Hoists;  Hand  Power  Elevators;  Gravity  Conveyors; 
Escalators. 


ELEVATORS 


THE 

H. 

J.  REEDY 

CO. 

CINCINNATI,  0. 

Mam 

afact 

urers  of  all 

types  of  Passenger  and 

Freight 

Ele- 

vators. 

WIRE   ROPE 


JOHN  A.  ROEBLING'S  SONS  COMPANY 

TRENTON,  N.  J. 
Manufacturers  of  Iron,  Steel   and   Copper  Wire    Rope,  and   Wire  of 
every  description. 


CRANES 
CONTROLLERS 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.     Gantries.     Wharf  Cranes.     Rail- 
road Wrecking  Cranes.     Electric  Motor  Controllers. 


ELEVATING 

CONVEYING 

■  nd 

SCREENING 
MACHINERY 


STEPHENS-ADAMSON  MANUFACTURING  COMPANY 
AURORA,   ILL. 

Designers  and  builders  of  complete  Conveying  Systems  for  handling  ores,  coal, 
stone,  gravel,  sand,  cement,  clay  and  all  bulk  products,  including  Belt  Conveyors, 
Chain  Conveyors,  Screw  Conveyors,  Bucket  Elevators,  etc.,  with  capacities  up  to  1000 
tons  per  hour. 


ELEVATING 
CONVEYING 

POWER 

TRANSMITTING 

MACHINERY 


WEBSTER  MFG.   CO. 


2410-2432  W.  15th  St.,  CHICAGO,  ILL.  Eastern  Branch:  88-90  Reade  St.,  NEW  YORK 
Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for 
all  purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for 
manufacturing  give  us  large  advantages.  Belt  Conveyors  for  handling  cement,  ores, 
sand,  gravel,  etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings. 
Chain  Belting.    Gearing. 


CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


THE   YALE   &   TOWNE   MFG.    CO. 

9  Murray  St.  NEW  YORK 

Makers  of  the  Triplex  Block  and   1 'Jectric  Hoists.  Tlie  Triplex  Block 

is  made  in  14  sizes,  with  a  lifting  capacity  of  from  \  to  20  tons;    Electric 
Hoist  in  10  sizes,  :i  to  16  tons. 
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PUMPS  AND  HYDRAULIC  TURBINES 


PUMPS  AND   HYDRAULIC  TURBINES 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 
Builders  of  Reaction  and  Impulse  Turbines,  in  capacities  up  to  20,000 
H.P.    High  Duty  Pumping-  Engines,  Centrifugal  Pxnnps,  Single  and  Multi- 
stage; Screw  Pumps,  Elevator  Pumps,  Geared  Pumps,  Mine  Pumps  and 
Electrically  Driven  Pumps.     Hydraulic  Transmission  Pumping  Machinery. 


HYDRAULIC 
TURBINES 


PUMPING 
MACHINERY 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 


Manufacturers 
The  valve  motion  i^  i 
low  maiutenance  cd- 
expenses.     Literatur 


iiul  American  Steam  and  Power  Pumping  Machinery. 
ir  efficient  and  reliable  service,  which,  combined  with 
ppeal  to  engineers  who  desire  to  reduce  their  operating 
uest. 


PUMPING 
MACHINERY 


ATLANTIC  HYDRAULIC  MACHINERY  CO.,   Ixc. 
PHILADELPHIA,  PA. 

Our  Turbine  Pumps  are  light,  comparatively  low  priced,  constructed 
according  to  the  latest  designs,  highly  efficient.  We  guarantee  to  each 
customer  to  fill  his  individual  requirements  exactly. 


TURBINE 
PUMPS 


BLAKE  PUMP  &  CONDENSER  COMPANY 

FITCHBURG,  MASS. 
Makers  of  Pumping  Machinery:  Condensers,  Jet  and  Barometric;  Boiler  Feed 
Pumps,   Piston  and    Plunger,   Single   Cylinder  and    Duplex    types;    Water   Return 
Apparatus,  etc. 


PUMPING 
MACHINERY 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Venturi  Meters  measure  cold  water,  hot  water,  brine  and  chemicals.  They  are 
used  on  gravity  supplies  and  to  check  performance  of  centrifugal  and  reciprocating 
pumps.  Usual  sizes  from  2"  to  60".  Larger  sizes  in  use.  Full  set  of  bulletins  on 
request. 


VENTURI 
METERS 


M.  T.   DAVIDSON  CO. 

43-33  Keap  St.,  BROOKLYN,  N.  Y. 
New  Yokk:  154  Nassau  St.  Boston:  30  Oliver  St. 

High  grade  economical  Pumps  for  all  services.     Surface  and  Jet  Con- 
densers. 


PUMPS 
CONDENSERS 


THE  GOULDS  MANUFACTURING  COMPANY 
SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  muni- 
cipal water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed 
pumps,  chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and 
hand  pumps  of  every  kind. 
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PUMPS 
HYDRAULIC 
MACHINERY 


PUMPS  AND   HYDRAULIC  TURBINES 


MINING 
PUMPS 


WATER 
WHEELS 


GOYNE  STEAM  PUMP  CO. 

ASHLAND,  PA. 

Manufacturers  of  Mining  Pumps  for  any  service  or  capacity.  Most  Engineers 
know  that  the  life  of  the  superior  mining  pump  is  from  two  to  four  times  that  of  the 
ordinary  on  the  same  service.  Why  then  let  a  difference  of  from  25  to  even  50/5  in  first 
cost  determine  your  selection? 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

"Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 

BOILERS 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Boilers. 


Machinists 

PUMPS 
lANUFACTURERS 


WILLIAM  E.   QUIMBY,  INC. 

548-50  West -230  St.  NEW  YORK 

Have  a  shop  on  23d  Street,  New  York,  equipped  with  large  and  accurate 
tools  and  do  a  general  machine  business.  Also  manufacture  the  Quimby 
Screw  Pump  and  Quimby  Electric  Sump  Pump. 


TURBINES 


RISDON-ALCOTT  TURBINE  CO. 

MT.  HOLLY,  N.  J. 

Manufacturers  of  Risdon  Cylinder  Gate  Turbine,  Risdon  Register  Gate 
Turbine,  Alcott  High  Duty  Turbine,  Leviathan  Hinged  Gate  Turbine. 
Successors  to  T.  H.  Risdon  &  Co.,  and  T.  C.  Alcott  &  Son. 


ELECTRICAL  APPARATUS 


MOTORS 

AND 

GENERATORS 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Electrical  Machinery  of  every  description;  Motors  and 
Generators  for  alternating  and  direct  current;  Rotary  Converters,  Trans- 
formers, Switchboards. 


ELECTRIC 
DRIVE 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 
The  General  Electric  Company  has  ecjuipiJcd  machines  of  all  kinds  with 
its  motors.     For  each  kind  of  machine  there  is  an  equipment  of  motor  and 
controller  that  is  best. 
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ELECTRICAL  APPARATUS 


RELIANCE  ELECTRIC  &  ENGINEERING  CO. 
CLEVELAND,  OHIO 

Our  specialty  is  Machine  Shop  Drives.  We  will  design  all  parts  for  the  conver- 
sion of  your  belt  driven  machines  into  motor  drive.  Manufacturers  of  the  Reliance 
Adjustable  Speed  Motor.    Also  a  complete  line  of  D.C.  and  A.C.  Constant  Speed  Motors. 


ELECTRIC 
MOTORS 


SPRAGUE  ELECTRIC  COMPANY 

527-531  W.  34th  St.,  NEW  YORK 

Manufacturers  of  D.  C.  Generators,  Electric  Motors,  Electric  Hoists, 
Electric  Fans,  Conduits,  Armored  Cable,  Outlet  Boxes,  Armored  Hose. 


GENERATORS 

MOTORS 

HOISTS 

FANS 


WAGNER  ELECTRIC  MFG, 

ST.  LOUIS,  MO. 


COMPANY 


Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power 
and  Lighting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  poly- 
phase generators  and  motors  the  market  affords.  Manufacturers  of  the  most  compre- 
hensive line  of  switchboard  and  portable  instruments  offered  to-day. 


DYNAMOS 
MOTORS 

Transformers 
Instruments 


WESTINGHOUSE   ELECTRIC   &   MFG.   CO. 

PITTSBURG,  PA. 
Westing-house   Electric    Motor   Drive.      Pumps,  compressors,  hoists, 
machine  tools  and  every  class  of  apparatus  develop  their  highest  efficiency 
when  individually  driven  with  Westinghouse  Motors. 


ELECTRIC 
MOTOR 
DRIVE 


AIR   COMPRESSORS  AND  PNEUMATIC  TOOLS 


THE   BLAISDELL   MACHINERY   CO. 

BRADFORD,  PA. 

NEW  YORK  BOSTON  CHICAGO 

Blaisdell  Air  Compressors  are  manufactured  in  all  sizes  for  all  purposes. 


AIR 

Compressors 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILL. 

Manufacturers   of  Franklin  Air  Compressors   and   a  complete  line  of 
Pneumatic  Tools  and  Appliances. 


AIR 

COMPRESSORS 

PNEUMATIC 

TOOLS 


THOS. 


YOR 


K  AVD  23uD  St. 

Our  Compressors  are  exceptionally 
n^'  surfaces;  all  working  parts  are  re 
ir  valvis.  Are  particularly  adapted 
.  n.  iKT  minute  up  to  1200  cu.  ft.      \V 


H.  DALLETT  CO. 

PHILADELPHIA,  PA. 


iiul  rigid  in  design;  have  liberal 
^sible;  have  special  intake  and  dis- 
lass  installations.  Capacities  from 
talogue. 
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AIR 

Compressors 


FOUNDRY   EQUIPMENT 


FOUNDRY  EQUIPMENT 


FOUNDRY 
EQUIPMENT 


J.     W 


PAXSON  CO. 

PHILADELPHIA, 


Pier  4o  North  PHILADELPHIA,  PA. 

Manufacturers  and  engineers.  Complete  Foundry  Equipment.  Cupolas, 
Blowers,  Sand  Blast  Machinery,  Cranes,  Tramrail  Systems.  Foundry 
Buildings  designed,  Foundry  Sand,  etc. 


FOUNDRY 

PLANT 

EQUIPMENT 


WHITING  FOUNDRY  EQUIPMENT  CO 

HARVEY,  ILL. 
Have  complete  equipment  and  Cranes  of  all  kinds  for  grey  iron,  steel 
and  malleable  Foundry  Plants.     Buildings  designed  and  furnished;  equip- 
ment installed  and  operated. 


ENGINEERING  MISCELLANY 


VANADIUM 
STEELS 


AMERICAN  VANADIUISI  CO. 

320  Frick  BnuHXG  PITTSBURGH,  PA. 

Vanadium  Steels  forge  readily,  machine  easily,  do  not  crystallize  under 
dynamic  shocks,  and  outwear  all  other  types  of  steel  so  far  produced. 


INDUSTRIAL 
PLANTS 


DODGE  k  DAY 

PHILADELPHIA 
Our  Engineering  Service  provides  for  the  planning,  construction  and  equip- 
ment of  buildings  to  meet  both  present  and  future  requirements  of  indus- 
trial plants.     See  page  advertisements  in  the  February  and  May  numbers. 


PERFORATED 
METALS 


THE  HARRINGTON  &  KING  PERFORATING  CO. 

No.  615  North  Union  St.  CHICAGO,  ILL.,  U.  S.  A. 

Manufacturers  of  Perforated   Metals  of  every  description  for  all  pur- 
poses and  for  screens  of  all  kinds.     See  advertisement  on  page  28. 

New  York  Office:  No.  114  Liberty  St. 


BALL 

and 

ROLLER 

BEARINGS 


STANDARD  ROLLER  BEARING  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA   PA. 

Largest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  all 
purposes. 


Steel,  Bronze  and  Brass  Balls. 
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Superheated  Steam 

Papers  read  before 

The  American  Society  of  Mechanical  Engineers 
from  1890  to  1908 

The  Society  has  a  limited  number  of  copies  of  papers  on  Super- 
heated Steam  which  have  been  presented  before  it.  Orders  will  be 
filled  until  the  supply  is  exhausted. 

Price  to      Non- 
No.  Members  Members 

359     Tables  of  the  Properties  of  Steam,  V.  Dwelshauvers- 

Dery $.15130 

689     Superheated  Steam,  Facts,  Data  and  Principles, 

R,  H.  Thurston 25    50 

853     Pumping  Engine  Test  vaih  Superheated  Steam, 

E.H.Foster 5     10 

905  The  Practical  Application  of  Superheated  Steam, 

Geo.  A.  Hutchinson 15    30 

906  Superheated  Steam,  Ernest  H.  Foster 5     10 

1024     Tests  of  a  Compound  Engine  using  Superheated 

Steam,  D.  S.  Jacobus 10  20 

1150  TheFlowofSuperheatedSteaminPipes,  E.H.Foster  5  10 

1151  Superheat  and  Furnace  Relations,  R.  P.  Bolton ..  .  5  10 

1152  EntropyLinesof  Superheated  Steam,  A.  M.Greene  5  10 

1153  The  Cole  Locomotive  Superheater,  W.  F.  M.  Goss .  5  10 

1154  Experiences  with  Superheated  Steam,  G.  H.  Barrus  5  10 

1155  The  Use  of  Superheated  Steam  in  an  Injector,  S.  L  5  10 

Kneass    5     10 

1156  Superheated  Steam  on  Locomotives,  H.  H.  Vaughan    10     20 
1158     Materials  for  the  Control  of  Superheated  Steam, 

M.  W.  Kellogg 5     10 

1178  The  Specific  Heat  of  Superheated  Steam,  C.   C. 

Thomas 30     60 

1179  Designs  for  the  Use  of  Highly  Superheated  Steam, 

M.  E.  R.  Toltz 10    20 

1 196     Thermal  Properties  of  Superheated  Steam,  R.  C.  H. 

Heck 15     30 

1211  A  Method  of  Obtaining  Ratios  of  the  Specific  Heat 

of  Vapors,  A.  R.  Dodge 10    20 

1212  The  Total  Heat  of  Saturated  Steam,  H.  N  Davis  .  .     15    30 
Set  complete $2.00  4.00 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York. 
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ENGINEERING  SCHOOLS  AND  COLLEGES 


CLARKSON 
SCHOOL  OF  TECHNOLOGY 

Thomas  S.  Clarkson  Memorial 
Organized  Under  Charter  of  the  Univer- 
aiTT  OP  THE  State  of  New  York.  Courses 
leading  to  degrees  of  Bachelor  of  Science  In 
Chemical,  Civil,  Electrical  and  Mechanical 
Engineering,  comprising  four  years  of  thorough 
training  and  resident  college  work  in  theory  and 
practice  of  engineering.  Copies  of  Clarkson 
Bulletin,  published  quarterly,  mailed  on  appli- 
cation. 

Wm.  S.  Aldrich,  Director, 

POTSDAM,  N.  Y. 


TUFTS  COLLEGE 

Department  of  Engineering.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  insufficient  prepara- 
tion for  college  work.  For  information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 

TUFTS  COLLEGE   P.   O.,   MASS. 


THE  RENSSELAER  POLYTECH- 
NIC INSTITUTE 

Courses  in  Civil,  Mechanical  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees,  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.Y. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 

Course  in  Mechanical  Engineering, Even- 
ing Post-Graduate  Courses.  Fred.  W.  Atkin- 
son, Ph.D.,  President;  W.  D.  Ennls.  Member 
A.  S.  M.  E.,  Professor  Mechanical  Engineering. 


NEW   YORK   UNIVERSITY 
SCHOOL  OF  APPLIED  SCIENCE 

Departments  of  Civil,  Mechanical  and  Chem- 
ical Engineering. 

For  announcements  or  Information,  address 

Charles  Henry  Snow,  Dean. 
UNIVERSITY  HEIGHTS.  N.  Y.  CITY. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers — Constructors 
Electrical— Civil— Mechanical 

181  LaSalle  Street,  CHICAGO. 


WILLIAM  R.  CONARD 

Assoc.  A.  S.  M.  E.  and  A.  S.  C.  E. 

Inspection  of  Ralls,  Bridge  Materials,  Building 
Materials  of  Iron  and  Steel  Cars,  Locomotives, 
etc. 

Specialty:  Inspection  of  all  Water-Works  Mate- 
rials, 322  High  Street,  BURLINGTON,  N.  J. 
Malaon  Blanche  Bldg.,  NEW  ORLEANS,  LA. 
R.  C.  Huston,  C.  E.,  Southern  Representative 


F.  W.  DEAN 


Member  A.  S.  M.  E. 

Mill  Engineer  and  Architect. 

Exchange  Building,  53  State  St., 

BOSTON,  MASS. 


J.  A.  HERRICK, Consulting  Engineer 

Member  A.  S.  M.  E. 
The  Herrlck  Patented  Gas  Producers,  Gas  and 
Air  Valves  Gas  Furnaces,  Regenerative  and  Di- 
rect Fired— all  purposes. 
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COMING  MEETINGS 

The  first  meeting  of  the  Society  for  the  coming  season  will  be 
held  in  the  Engineering  Societies'  Building,  New  York,  on  Tuesday- 
evening,  October  11.  The  paper  will  be  by  Frank  B.  Gilbreth; 
Mem.Am.Soc.M.E.,  on  Fires:  Effects  on  Building  Material  and 
Permanent  Elimination.  This  paper  was  published  in  The  Journal 
for  May  and  lantern  slides  will  be  used  showini;  the  results  of  the 
author's  observations  upon  the  effect  of  fires  in  the  great  confla- 
grations at  Baltimore,  San  Francisco,  Chelsea  and  elsewhere.  Fol- 
lowing this,  H.  deB.  Parsons,  Mem.Am.Soc.M.E.,  will  show  lantern 
slides  illustrating  the  effect  of  fire  on  tall  buildings.  Prof.  Ira  H. 
Woolson,  Mem.  Am.Soc.M.E.,  Henry  M.  Keasby  of  the  National  Fire 
Proofing  Co.,  Wm.  D.  Grier,  Chairman  of  the  National  Fire  Protec- 
tion Association,  and  others  concerned  with  the  use  of  concrete, 
and  other  fire-proof  materials  and  with  fire  protection  will  partici- 
pate in  the  discussion. 

MEETINGS   IN   BOSTON 

Meetings  of  the  Society  in  Boston  are  announced  for  October  19, 
November  11  and  December  23.  The  October  meeting  will  be 
conducted  by  the  Boston  Society  of  Civil  Engineers,  The  American 
Society  of  Mechanical  Engineers  and  other  engineering  societies 
of  the  city  cooperating.  The  subject  will  be  An  Account  of  the 
Destruction  of  Carthego,  Costa  Rica  by  the  Earthquake  of  May 
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4,  1910.  Prof.  Thomas  A.  Jaggar  will  speak  on  the  geological 
features  and  Prof.  Chas.  M.  Spoffard  will  discuss  the  effects  of  the 
earthquake  on  different  classes  of  structures.  Views  will  be  shown 
on  Carthego  taken  soon  after  the  earthquake  and  by  photographs 
of  Central  American  scenes. 

The  November  meeting  will  be  conducted  by  The  American 
Society  of  Mechanical  Engineers  and  the  December  meeting  by  the 
Boston  Section  of  the  American  Institute  of  Electrical  Engineers. 
It  is  expected  that  the  meeting  in  January  will  take  the  form  of  a 
dinner  of  the  character  of  the  one  held  last  January  at  which  there 
were  some  five  hundred  in  attendance,  representing  the  various  engi- 
neering and  architectural  societies  of  Boston  and  vicinity  and  many 
of  the  technical  schools  and  other  organizations. 


ANNUAL  MEETING 

The  Annual  Meeting  of  the  Society  will  be  held  in  New  York, 
December  6-9,  1910,  the  assignment  of  Papers  for  the  meeting  will 
be  made  from  those  published  in  this  number  of  The  Journal  and 
in  the  Noveml.er  and  December  Journals.  The  program  for  the 
meeting  is  in  preparation  and  will  be  announced  as  early  as  possible. 


RAILROAD  TRANSPORTATION  NOTICE 

Arrangements  ^for  [hotel,  transportation  and  Pullman  car  accom- 
modations should  be  made  personally. 

For  members  and  guests  attending  the  Annual  Meeting  in  New 
York,  December  6-9,  1910,  the  special  rate  of  a  fare  and  three-fifths 
for  the  round  trip,  on  the  certificate  plan,  is  granted  when  the  regular 
fare  is  75  cents  and  upwards,  from  territory  specified  below. 

a  Buy  your  ticket  at  full  fare  for  the  going  journey,  between 
December  2  and  8  inclusive,  and  get  a  certificate,  not  a 
receipt,  securing  these  at  least  half  an  hour  before  the 
departure  of  the  train. 
b  Certificates  are  not  kept  at  all  stations.  If  your  station 
agent  has  not  certificates  and  through  tickets,  he  will 
tell  you  the  nearest  station  where  they  can  be  obtained. 
Buy  a  local  ticket  to  that  point  and  there  get  your  cer- 
tificate and  through  ticket. 


SOCIETY  AFFAIRS  5 

c  On  arrival  at  the  meeting,  present  your  certificate  to  S. 
Edgar  Whitaker,  office  manager,  at  the  Headquarters.  A 
fee  of  25  cents  will  be  collected  for  each  certificate  vali- 
dated.   No  certificate  can  be  validated  after  December  9. 

d  An  agent  of  the  Trunk  Line  Association  will  validate 
certificates,  Dec.  7,  8,  9.  No  refund  of  fare  will  be  made 
on  account  of  failure  to  have  certificate  validated. 

e  One-hundred  certificates  and  round  trip  tickets  must  be 
presented  for  validation  before  the  plan  is  operative.  This 
makes  it  important  to  show  the  return  portion  of  your 
round  trip  ticket  at  Headquarters. 

/  If  certificate  is  validated,  a  return  ticket  to  destination  can 
be  purchased,  up  to  Dec.  13,  on  the  same  route  over  which 
the  purchaser  came,  at  three-fifths  the  rate. 
This  special  rate  is  granted  onl}^  for  the  following: 
Trunk  Line  Association : 

All  of  New  York  east  of  a  line  running  from  Buffalo  to  Salamanca,  all  of 
Pennsylvania  east  of  the  Ohio  River,  all  of  New  Jersey,  Delaware  and  Mary- 
land; also  that  portion  of  West  Virginia  and  Virginia  north  of  a  line  running 
through  Huntington,  Charleston,  White  Sulphur  Springs,  Charlottesville,  and. 
Washington,  D.  C. 

Central  Passenger  Association: 

The  portion  of  Illinois  south  of  a  line  from  Chicago  through  Peoria  to  Keokuk 
and  east  of  the  Mississippi  River,  the  States  of  Indiana,  and  Ohio,  the  portion 
of  Pennsylvania  and  New  York  north  and  west  of  the  Ohio  River,  Salamanca 
and  Buffalo,  and  that  portion  of  Michigan  between  Lakes  Michigan  and  Huron. 

Eastern  Canadian  Passenger  Association: 

Canadian  territory  east  of  and  including  Port  Arthur,  Sault  Ste.  Marie 
Sarnia  and  Windsor,  Ont. 


GENERAL  NOTES 

NATIONAL  CONSERVATION  CONGRESS 

The  second  National  Conservation  Congress,  held  in  St.  Paul, 
Minn.,  September  5-9,  1910,  called  forth  much  discussion  on  the 
subject  of  the  control  of  national  resources.  President  William  H. 
Taft,  who  opened 'the  congress,  sounded  the  ke3^-note  of  its  policy 
of  the  conservation  of  these  resources  under  national  regulation 
and  control,  discussing  the  question  under  seven  heads,  namely 
agricultural,  mineral,  forest,  coal,  oil  and  gas,  and  phosphate  lands, 
and  water  power  sites.  Ex-President  Theodore  Roosevelt  in  his 
speech  on  the  following  day  emphatically  urged,  in  addition  to 
Mr.  Taft's  recommendations,  that  the  federal  government  retain 
control  of  water  power  sites  as  well  as  coal  lands  and  forests.  Other 
speakers,  among  them  James  J.  Hill,  urged  that  these  resources  be 
left  to  the  control  of  the  individual  states,  believing  the  national 
machine  to  be  too  large  and  too  remote  and  its  operation  too  slow, 
cumbrous  and  costly. 

The  Congress  concluded  its  deliberations  by  adopting  a  platform 
in  which  it  declared  the  rights  of  the  people  "to  be  natural  and 
inherent  and  justly  inalienable  and  indefeasible"  and  that  these 
resources  must  be  "developed,  used  and  conserved  in  ways  consistent 
both  with  current  welfare  and  the  perpetuity  of  our  people."  It 
further  declared  that  the  waterways  should  be  administered  in  the 
interests  of  all  the  people,  and  that  in  doubtful  cases  there  should  be 
cooperation  between  state  and  federal  agencies;  that  use  of  the 
waters  should  be  made  with  reference  to  all  other  uses  and  care  be 
taken  to  prevent  defilement;  that  the  policy  with  regard  to  swamp 
lands  be  continued  and  extended;  that  a  federal  commission  em- 
powered to  deal  with  all  water  powers  be  maintained;  that  public 
lands  be  withdrawn  pending  classification  and  surface  rights  be 
separated  from  mineral,  forest  and  water  rights;  that  mineral  lands 
be  leased  for  a  limited  period;  and  that  national  forests  be  controlled 
by  the  federal  government  and  the  forestry  service  be  given  larger 
appropriations.  The  Congress  further  expressed  itself  as  opposed 
to  child  labor  as  detrimental  to  the  life  and  development  of  the 
people  physicall}',  intellectually  and  morally,  and  recommended 
legislation  suitable  to  this  end. 
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The  Society  was  represented  at  the  Congress  by  Paul  Doty,  who 
acted  as  chairman  of  the  local  board  of  managers;  by  E.  E.  Johnson, 
J.  J.  Flather,  L.  H.  Gardner  and  M.  E.  R.  Toltz. 

AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

Preparations  for  the  meeting  of  the  American  Institute  of  Mining 
Engineers,  to  be  held  in  November  in  the  Canal  Zone,  are  proceeding 
satisfactorily  and  more  than  100  members  and  guests  have  signified 
their  intention  of  attending.  The  party  will  sail  from  New  York  on 
October  21,  on  the  steamer  Prinz  August  Wilhelm  of  the  Hamburg- 
American  line,  and  the  technical  sessions  will  probably  be  held  en- 
route.  Arrangements  have  been  made  for  the  accomodation  of  the 
visitors  during  their  stay  at  the  Hotel  Tivoli  in  the  Canal  Zone. 

According  to  the  program  now  being  arranged,  the  party  will 
arrive  at  Colon  on  November  1  and  proceed  by  train  to  the  Gatun 
Dam,  where  after  luncheon  an  inspection  will  be  made  of  the  dam  and 
locks.  On  November  2  a  trip  will  be  made  by  train  through  the  Cule- 
bra  cut.  November  3  is  the  anniversary  of  the  independence  of  the 
Republic  of  Panama  and  is  observed  as  a  public  holiday,  with  a 
popular  celebration  in  the  city  of  Panama,  including  masquerades, 
fire-works,  buli-fights,  etc.,  and  no  other  plans  will  be  made  for  that 
date.  On  November  4  there  will  be  an  excursion  to  the  locks  and 
dams  at  Pedro  Miguel  and  Miraflores;  on  November  5  an  excur- 
sion by  tug  to  the  Pacific  entrance  of  the  Canal,  the  islands  in  Panama 
Bay,  etc.;  and  on  November 7 an  excursion  by  train  over  the  relocated 
line  of  the  Panama  Railroad,  now  in  course  of  construction.  The  fol- 
lowing day  will  be  occupied  in  the  return  to  the  steamer  at  Colon. 

It  is  further  planned  to  stop  en  route  at  Havana  and  Kingston, 
and  returning  at  Port  Limon,  Kingston  and  Fortune  Island,  arriving 
in  New  York  on  November  15. 

The  rapid  progress  of  work  on  the  Isthmus  which  will  in  the  course 
of  not  very  many  months  obscure  the  many  features  of  construction 
and  methods  of  operation  now  open  to  inspection,  makes  a  trip  to 
Panama  at  this  time  especially  valuable  and  interesting  to  engineers. 

The  following  members  of  the  Society  have  accepted  the  invitation 
of  the  American  Institute  of  Mining  Engineers  to  join  in  this  meet- 
ing: Prof.  William  Kent,  Charles  Kirchhoff,  R.  V.  Norris,  H.  H.Por- 
ter, David  B.  Rushmore,  C.  M.  Russell,  W.L.  Saunders,  F.W.Scar- 
borough, John  M.  Sherrerd,  S.  D.  Warriner  and  Walter  Wood. 
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DR.  J.  A.  HOLMES  DIRECTOR  OF  THE  NEW  BUREAU  OF  MINES 

Dr.  Joseph  Austin  Holmes,  Mem.Am.Soc.M.E.,  who  has  just  been 
appointed  director  of  the  new  Bureau  of  Mines,  has  for  some  time 
past  been  an  eminent  officer  of  the  Geological  Survey.  Mr.  Holmes 
was  graduated  from  Cornell  in  1881,  and  after  visiting  extensively 
the  mining  regions  of  this  country  and  Europe,  occupied  for  ten 
years  the  chair  of  geology  in  the  University  of  North  Carolina.  He 
resigned  from  this  work  to  become  state  geologist  of  North  Carolina 
and  was  appointed  to  the  head  of  the  department  of  mines  and 
metallurgy  at  the  St.  Louis  Fair  in  1904.  When  the  Government 
fuel  investigations  were  authorized  by  Congress  Dr.  Holmes  was 
offered  its  supervision  and  has  since  then  been  engaged  in  the  exami- 
nation of  coal-fields  in  a  way  which  has  aided  both  consumers  and 
producers.  Dr.  Holmes  has  done  much  to  introduce  safety  devices 
into  the  mines  and  inaugurated  the  recent  movement  for  mine  res- 
cue work,  which  includes  three  state  and  twelve  government  mine 
rescue  stations. 

AMENDMENT  TO  BY-LAW  22 

The  following  is  the  correct  text  of  the  amendment  to  By-Law 
22: 

B  22  The  Finance  Committee  shall  consist  of  five  Members  or  Associates. 
The  term  of  office  of  one  Member  of  the  Committee  shall  expire  at  the  end  of  each 
Annual  Meeting.  This  Committee  shall,  under  the  direction  of  the  Council, 
have  a  supervision  of  the  financial  affairs  of  the  society,  including  the  books 
of  account.  The  Committee  may  cause  the  accounts  of  the  Society  to  be 
audited  and  approved  annually  by  a  chartered  or  other  competent  public 
accountant.  The  Committee  shall  hold  monthly  meetings  for  the  audit  of 
bills  and  such  other  business  as  shall  come  before  it  and  shall  deliver  to  the 
Secretary  for  presentation  to  the  Council  at  the  end  of  each  fiscal  year,  a 
report  of  the  financial  condition  of  the  Society  for  the  past  year,  and  also 
shall  present  therewith  a  detailed  estimate  for  the  probable  income  and  ex- 
penditure of  the  Society  for  the  following  twelve  months.  It  shall  make 
recommendations  to  the  Council  as  to  investments,  and  when  called  upon 
by  the  Council,  advise  upon  financial  questions.  It  shall  have  charge  of  the 
making  of  all  contracts  and  other  obligations  to  paj'  money  in  the  Society's 
work  and   tlie  ordering  of  all  ex)K>n(litures  thereunder. 


NECROLOGY 

CHARLES  T.    PORTER 

Charles  Talbot  Porter,  Hon.Mem.Am.Soc.M.E.,  a  charter  mem- 
ber of  the  Society  and  recipient  of  the  John  Fritz  Medal  for  his 
"work  in  advancing  the  knowledge  of  steam  engineering  and  for 
improvements  in  engine  construction,"  died  in  New  York,  August 
28,  1910,  at  the  home  of  his  son,  Louis  Morgan  Porter. 

Mr.  Porter  was  born  at  Auburn,  N.  Y.,  January  18,  1826.  He  was 
descended  from  a  notable  line  of  New  England  ancestors  including, 
on  his  father's  side,  the  Rev.  Jonathan  Edwards,  and  on  his  mother's 
side.  Governor  John  Winthrop  of  Massachusetts  and  Governors 
Saltonstall  and  Winthrop  of  Connecticut.  He  was  graduated  from 
Hamilton  College  in  1845  and  at  the  fiftieth  reunion  of  the  class 
presented  the  Half-Century  Annalist's  Letter,  a  feature  of  the  annual 
meetings  of  the  Hamilton  alumni.  After  graduation  he  read  law  in 
his  father's  office  in  Auburn,  and  was  admitted  to  the  bar  in  1847. 
The  next  year  he  married  Harriette  S.  Morgan  of  Aurora,  N.  Y.,  and 
their  married  life  was  unbroken  until  within  a  few  weeks  of  Mr.  Por- 
ter's death,  when  Mrs.  Porter  died. 

After  practicing  his  profession  for  six  or  seven  years,  first  at  Roch- 
ester and  afterwards  in  New  York  City,  Mr.  Porter  became  interested 
in  mechanics  in  connection  with  a  stone-dressing  machine  invented 
by  one  of  his  clients,  which  failed  to  operate  satisfactorily.  Believ- 
ing that  the  fundamental  principles  of  the  machine  were  correct  Mr. 
Porter  went  to  work  to  improve  it,  picking  up  by  the  way  a  knowledge 
of  drafting  and  designing,  and  therein  brought  out  his  latent  mechan- 
ical ability.  The  stone-dressing  machine  was  driven  by  a  steam  engine 
which  he  desired  to  run  at  high  speed,  but  the  governor  was  of  the 
usual  simple  fly-ball  type  which  could  not  be  speeded  up  and  conse- 
quently the  regulation  of  the  engine  was  faulty.  To  remedy  this 
defect  Mr.  Porter  was  led  to  design  and  perfect  his  well-knowni  cen- 
tral counterpoise  type  of  governor  which  has  since  carried  his  name. 

Subsequently  came  the  development  of  the  high-speed  Allen  steam 
engine,  later  known  as  the  Porter-Allen  engine,  which  was  essentially 
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the  life-work  of  Mr.  Porter.  The  first  engine  was  built  in  this  country 
and  shown  at  the  London  Exhibition  of  1862,  equipped  with  the  Porter 
governor,  and  operating  non-condensing.  In  1867  at  the  French  Expo- 
sition five  engines  were  installed,  the  only  high-speed  engines  exhib- 
ited. 

The  exhibit  at  London  and  subsequent  attempts  to  sell  engines  of 
this  type  in  England  showed  the  demand  to  be  entirely  for  condens- 
ing engines.  This  brought  about  the  development  by  Mr.  Porter  of 
a  jet  condenser  to  be  direct-connected  to  his  engines,  with  an  air 
pump  adapted  to  the  high  speed  at  which  the  engines  ran.  The  build- 
ing of  these  engines  was  begun  in  England  in  1864. 

In  his  work  in  steam  engineering  Mr.  Porter  became  associated 
or  intimately  acquainted  with  many  of  the  early  distinguished  engi- 
neers, notabl}'  with  John  F.  Allen  and  Charles  B.  Richards.  Mr.  Allen 
had  originated  a  link  and  valve  motion  for  steam  engines,  well  adapted 
for  use  with  the  Porter  counterpoise  governor,  and  it  was  the  com- 
bination by  Mr.  Porter  of  this  mechanism  with  his  governor,  together 
with  Mr.  Porter's  advanced  ideas  upon  high  rotative  speeds  and  meth- 
ods of  engine  construction  that  resulted  in  the  Porter-Allen  engine. 

Along  with  the  study  of  steam  economy  was  the  need  of  a  steam- 
engine  indicator  adapted  to  high  speeds.  This  led  to  the  design  by 
Mr.  Richards  of  the  first  indicator  to  meet  these  requirements.  The 
patents  were  acquired  by  Mr.  Porter  and  an  instrument  was  shown 
in  connection  with  the  engine  at  the  London  Exhibition.  It  was 
shortly  afterwards  manufactured  by  Elliott  Brothers  of  London. 

In  the  early  manufacture  of  his  engines,  many  practical  difficulties 
had  to  be  met  owing  to  the  crudeness  of  machine  shop  methods. 
Numerous  devices  and  systems  of  manufacturer  were  introduced 
by  Mr.  Porter  to  attain  the  accuracy,  without  which  successful 
high-speed  machinery  would  be  impossible. 

In  1868  Mr.  Porter  returned  from  England,  formed  a  partnership 
with  Mr.  Allen  and  began  the  manufacture  of  engines  in  a  small  shop 
in  Harlem,  N.  Y.  During  the  three  years  of  business  depression,  be- 
ginning with  1873,  the  manufacture  of  the  engines  was  discontinued, 
but  later  was  begun  at  the  Hewes  and  Phillips  Iron  Works  at  Newark, 
N.  J.,  under  Mr.  Porter's  own  name.  They  have  since  been  manu- 
factured by  the  Southwark  Foundry  and  Machine  Company  at  Phila- 
delphia. 

In  1880  Mr.  Porter  installed  a  high-speed  steam  engine  in  the  Edi- 
son laboratory  at  Menlo  Park,  N.  J.,  which  marked  the  beginning  of 
direct-connected  generators.     Following  this,  the  first  of  a  series  of 
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engines  for  so-called  steam  dynamos  was  constructed  for  the  Edison 
Station  at  Pearl  Street,  New  York,  each  independently  driven  by  a 
direct-coupled  engine. 

While  these  events  are  important  in  the  history  of  the  high-speed 
engine  for  electric  generating,  the  introduction  of  Mr.  Porter's  en- 
gines into  rolling-mill  work  was  of  even  greater  moment.  The  early 
processes  were  deliberate  because  man  was  habituated  to  slow  move- 
ments. The  first  power  came  from  the  slow-turning  water  wheel, 
later  from  the  slow-speed  steam  engine.  Faster  movements  were 
obtained  through  gears  and  belts  and  then  came  the  direct-connected, 
easily  controlled  high-speed  engine. 

At  the  first  Annual  Meeting,  in  1880,  of  The  American  Society  of 
Mechanical  Engineers,  Mr.  Porter  read  a  brief  paper  upon  The 
Strength  of  Machine  Tools,  and  he  has  since  presented  numerous 
others.  At  the  beginning  of  the  manufacture  of  the  Richards  indica- 
tor, he  prepared  for  the  makers,  Elliott  Brothers  of  London,  a  brief 
treatise  on  the  Steam  Engine  Indicator,  and  in  1874  this  was  revised 
and  very  much  enlarged  by  him  and  brought  out  simultaneously  in 
London  and  New  York.  This  contained  the  tables  of  the  properties 
of  saturated  steam  which  so  long  remained  a  standard,  based  upon 
the  experiments  of  M.  Regnault.  Very  recently  he  published  his 
Engineering  Reminiscences,  which  are  an  interesting  and  valuable 
account  of  many  incidents  in  the  development  of  steam  engineering. 
Mr.  Porter  was  a  member  of  the  Board  of  Judges  at  the  Centennial 
Exposition  of  1876. 

ALBERT  SPIES 

On  August  16,  1910,  Albert  Spies,  a  Member  of  the  Society,  editor 
and  proprietor  of  Foundry  News,  died  suddenly  at  his  home  40  Glen- 
wood  Ave.,  Jersey  City,  N.  J.  He  was  born  in  New  York  City,  July 
20,  1862,  and  received  his  early  education  from  tutors  and  at  the 
Hoboken  Academy.  When  only  19  years  old  he  graduated  from  Ste- 
vens Institute  of  Technology,  and  for  a  number  of  years  engaged  in 
engineering  practice  and  technical  journalism.  In  1893  he  became 
editor  of  Cassier's  Magazine,  and  in  1904  also  assumed  the  editorial 
conduct  of  the  Electrical  Age.  For  several  months  he  brought  out 
both  papers  practically  unaided  until  the  pressure  of  work  forced  him 
to  relinquish  his  activities  on  the  latter  journal  in  January  1906.  In 
the  fall  of  1906,  following  the  death  of  Louis  Gassier,  Mr.  Spies  sev- 
ered his  connection  with  both  papers  and  in  February  1907  became 
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editor  of  the  Electrical  Record,  continuing  until  early  in  this  year 
when  he  resigned  to  bring  out  his  own  paper,  Foundry  News.  Only 
four  issues  were  published  prior  to  his  death. 

Mr.  Spies  was  a  member  of  the  Engineers'  Club  and  the  American 
Institute  of  Mining  Engineers,  as  well  as  an  Associate  member  of  the 
American  Institute  of  Electrical  Engineers.  In  1895  he  married  Miss 
Gretchen  A.  Weisker,  who,  with  a  son,  survives  him. 

JOHN  EDWARDS  McKAY 

John  Edwards  McKay  was  born  February  22,  1837  in  New  York, 
and  received  his  early  education  in  the  public  schools  and  in  the 
Free  Academy,  now  the  College  of  the  City  of  New  York.  In  1852 
he  began  a  two  years  apprenticeship  with  Charles  W.  Copeland  of 
New  York  and  in  1854  entered  the  drawing-room  of  the  Morgan 
Iron  Works  as  draftsman  and  machinist.  In  May  1859  he  was 
appointed  third  assistant  engineer,  U.S.N. ,  from  which  post  he 
resigned  after  serving  one  year,  and  was  again  employed  by  Cope- 
land  and  by  the  Coast  Survey.  In  August  1862  he  was  reappointed 
to  his  former  grade  in  the  Navy,  in  December  promoted  to  second 
assistant,  and  in  May  1864  made  first  assistant,  retaining  this 
position  for  two  years.  At  that  time  men  in  the  service  of  the 
Navy  with  practical  experience  as  well  as  ability  to  design  and 
make  drawings  were  much  in  demand,  and  as  Mr.  McKay  was  well 
equipped  in  these  respects  he  was  ordered  to  shore  duty  at  Washing- 
ton, D.  C,  where  under  the  direction  of  Benjamin  F.  Isherwood, 
Hon.Mem.Ani.Soc.M.E.,  chief  of  the  Bureau  of  Steam  Engineering, 
he  made  designs  and  drawings  of  marine  engines,  boilers,  etc.,  for 
many  of  the  government  war-boats.  From  1868  to  1872  Mr.  McKay 
was  superintendent  of  the  Wood  and  Mann  Engine  Company,  Utica, 
N.  Y.,  designing  and  constructing  many  steam  engines,  rolling-mills, 
saw-mills,  etc.  He  invented  at  this  time  a  very  excellent  automatic 
variable  cutting-off  for  steam  engines. 

In  1872,  at  the  request  of  Mr.  Tracey,  chief  engineer  of  the  Croton 
Aqueduct,  Mr.  McKay  severed  his  connection  with  the  Wood  and 
Mann  Company  and  entered  upon  a  public  service  career.  During 
the  long  period  dating  from  1872  until  his  death  on  May  12,  1910, 
Mr.  McKay  was  connected  successively  with  the  Department  of 
Public  Works,  the  Department  of  Water  Supply  and  the  Department 
of  Water  Supply,  Gas  and  Electricity  of  New  York  City,  and  was 
prominently  identified  with  the  many  important  improvements  and 
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extensions  in  connection  with  the  water  supply  of  the  Boroughs 
of  Manhattan  and  the  Bronx,  as  they  are  n  w  called,  and  with  the 
care  and  maintenance  of  the  system. 

Included  in  the  work  done  by  Mr.  McKay  was  une  design  and 
supervision  of  the  construction  of  the  tower,  chambers,  gates, 
screens,  pipes,  etc.,  in  connection  with  the  storage  reservoir  on  the 
west  branch  of  the  Croton  River  at  Boyds  Corners,  Putnam  County, 
N.  Y. ;  the  design  and  preparation  of  the  plans  for  the  storage  reser- 
voir on  the  middle  branch  of  the  Croton  River  near  Brewster's  Sta- 
tion, Putnam  County,  N.  Y. ;  the  design  and  drawing  of  the  junction 
gate-houses  and  appurtenances,  at  113th  Street  and  Amsterdam  Ave- 
nue and  at  93d  Street  near  Columbus  Avenue,  New  York  City, 
and  the  drawings  of  the  six  lines  of  four-foot  pipes  between  these 
gate-houses  for  the  replacement  of  the  old  aqueduct  between  those 
points;  the  design  and  drawings  of  the  first  succe:*sful  submarine 
pipe  between  Manhattan  and  Blackwells  Islands  for  a  supply 
of  Croton  water  to  the  institutions  on  the  latter;  in  1876  the 
design  and  drawings  and  superintendence  of  the  installation  of 
the  five-million  gallon  pumping  engine  now  in  the  High  Bridge 
Pumping  Station,  and  also  the  superintendence  of  the  six-million 
gallon  pumping  engine  in  that  station;  the  original  studies  and  plans 
of  the  High  Service  Pumping  Station,  machinery,  boilers,  stand-pipe 
and  tank,  etc.,  between  97th  and  98th  streets  near  Columbus  Ave- 
nue, New  York  City;  the  design  and  drawings  and  the  superinten- 
dence of  installation  of  a  specially  designed  quick-action  36-inch 
valve  in  the  gate-house  of  the  Central  Park  reservoir  for  the  control 
of  a  fir  line  to  the  lower  part  of  Manhattan;  drawings  in  connection 
with  the  Fourth  Avenue  improvement  work  from  42d  Street  to  the 
Harlem  River  and  the  supervision  of  construction  on  this  work. 
From  1903  until  the  time  of  his  death  Mr.  McKay  had  responsi- 
ble charge  of  the  Croton,  the  Bronx  and  the  Byram  water  sheds 
and  the  storage  reservoirs  there,  including  the  dams,  gate-houses, 
aqueducts,  pipelines  and  appurtenances  and  the  distributing 
reservoirs  in  the  city,  and  was  responsible  for  the  proper  conser- 
vation of  the  storage  and  the  flow  through  the  aqueducts  to  New 
York  City. 

Besides  being  a  member  of  this  Society,  Mr.  McKay  was  a  member 
of  the  American  Society  of  Civil  Engineers  and  the  Engineers  Club. 
At  the  time  of  his  death  Mr.  McKay  resided  in  White  Plains,  N.  Y. 
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CHARLES  B    CLARK 

Charles  B.  Clark,  Member  of  the  Society,  was  born  at  Bangor, 
Me.,  June  20,  1858,  and  died  March  24,  1910.  He  was  educated  in 
the  public  schools  of  Bangor  and  in  1876  began  an  apprentice- 
ship of  five  years  with  the  Hardy  Machine  Company,  Biddeford, 
Me.,  during  which  time  he  studied  mechanical  engineering  under  a 
private  tutor.  In  1881  he  was  employed  as  an  engineer  on  a  steam- 
boat and  in  1882.  worked  as  journeyman  in  the  shops  of  the  Lawrence 
Machine  Company,  Lawrence,  Mass.,  where  he  also  attended  the 
evening  technical  schools.  He  was  subsequently  employed  as  super- 
intendent of  the  construction  of  machinery  for  the  Detroit  Dry 
Dock,  Detroit,  Mich.,  the  Dunford  and  Alverson  Dry  Dock,  Port 
Huron,  Mich.,  and  the  Simpson  Dry  Dock,  East  Boston,  Mass.  In 
1889  he  returned  to  the  Lawrence  Machine  Company  as  superinten- 
dent and  general  manager,  leaving  this  concern  three  years  later  to 
become  manager  of  the  Orono  Pulp  Company,  Orono,  Me.  Four 
years  later  he  went  to  New  York  where  from  1896  to  1898  he  acted 
as  manager  of  the  Merrimac  Paper  Company  of  Lawrence,  Mass. 
Since  February  1898  he  had  been  general  superintendent  of  the 
Eastern  Manufacturing  Company's  mills,  South  Brewer,   Me. 

CHARLES  A.   FERRY 

Charles  A.  Ferry,  Associate  Member  of  the  Society,  died  at  Phoenix, 
Arizona,  May  2,  1910.  He  was  born  at  Utica,  N.  Y.,  September  1, 
1851  and  prepared  for  college  at  the  Montreal  High  School.  After 
a  year  at  McGill  College  he  entered  Yale  from  which  he  was  grad- 
uated in  1872  with  the  degree  of  B.A.  He  remained  in  New  Haven 
for  three  years  doing  graduate  work  and  in  1875  went  to  Chicago 
where  he  studied  law  in  the  office  of  Judge  Upton.  Shortly  after- 
wards he  became  interested  in  manufacturing  and  was  engaged  in 
the  manufacture  of  steel  railway  couplers,  in  1891  becoming  presi- 
dent of  the  Chicago  Tire  and  Spring  Company.  For  several  years 
before  his  death  Mr.  Ferry  was  not  engaged  in  active  business,  but 
was  always  interested  in  the  development  of  the  science  of  modern 
times  as  applied  in  all  directions. 
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JOSEPH  GARBETT 

Joseph  Garbett,  Member  of  the  Society,  who  was  for  many  years 
prominently  identified  with  the  mechanical  industry  of  Minneapolis, 
died  at  his  home  in  that  city  August  22,  1910.  He  was  born  in 
Shropshire,  England,  January  7,  1852,  in  which  town  he  received 
his  early  education,  and  where  he  spent  the  first  years  of  his  com- 
mercial life  in  the  Horshay  Iron  Works,  and  later  was  associated 
with  the  Coldbrookdale  Iron  Works,  becoming  superintendent  of 
the  latter  at  the  age  of  twenty-three.  In  1879  he  left  England, 
going  direct  to  Minneapolis  and  entering  the  employ  of  0.  A.  Pray 
and  Company,  manufacturers  of  flour  and  saw-mill  machinery,  as 
foreman  and  patternmaker.  He  steadily  developed  into  a  thorough 
and  able  mechanic  and  when  the  Twin  City  Iron  Works  was  estab- 
lished he,  with  0.  P.  Briggs,  constituted  the  firm,  Mr.  Garbett  serv- 
ing as  chief  engineer.  It  was  here  that  he  designed  the  Twin  City 
Corliss  engine  which  is  so  favorably  known  throughout  the  country 
today.  When  the  Twin  City  Iron  Works  was  absorbed  by  the 
Minneapolis  Steel  Machinery  Company  in  1902,  Mr.  Garbett  was 
prominent  in  its  affairs,  becoming  mechanical  engineer  of  that  com- 
pany as  well  as  a  director. 

In  steam  engineering  Mr.  Garbett  was  an  accepted  authority. 
For  the  past  five  years  he  had  devoted  much  time  to  gas  engines  and 
gas  producers.  He  spent  several  years  abroad  studying  the  various 
types  of  foreign  power  plants  of  this  type,  and  finally  adopted  the 
Muenzel,  a  German  engine,  as  the  foundation  of  a  gas  engine  for 
American  manufacture.  To  this  he  applied  his  skill  and  engineering 
ability  and  developed  one  of  the  most  successful  gas  engines  and 
suction  producers  in  use  in  this  country  today. 
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By  Ellis  Soper,  Detroit,  Mich. 
Member  of  the  Society 

Early  Development.  In  the  manufacture  of  Portland  cement,  the 
methods  used  at  the  present  time  are  quite  crude,  but  even  so,  the 
progress  made  in  many  departments  has  been  very  rapid,  particu- 
larly in  the  burning  department.  In  approximately  90  per  cent  of 
the  mills  in  this  country,  pulverized  coal  is  used  as  a  fuel  and  with 
few  exceptions  the  total  burning  cost,  including  the  fuel,  represents 
from  one-third  to  one-half  of  the  total  cost  of  manufacture  per  barrel. 
Improvements  on  the  present  system  are  daily  being  made  and  experi- 
ments on  a  large  scale  are  being  carried  on  by  many  of  the  manu- 
facturers. 

2  It  must  be  remembered  that  the  first  rotary  kiln  was  manufac- 
tured about  1885  and  not  until  1895  was  the  rotary  type  considered 
a  success.  The  plants  of  Germany  and  England  and  also  of  this 
country  utilized  vertical  or  stationary  kilns,  which  are  much  more 
economical  in  point  of  fuel  consumption  but  very  costly  on  account 
of  the  excessive  hand  labor  necessary. 

3  In  1885  Ernest  Ransom  patented  a  rotary  kiln  in  England. 
About  a  year  later  Alphonse  de  Navarro  purchased  the  American 
rights  to  this  patent  and  built  the  first  rotary  kiln  in  this  country  in 
a  mill  from  which  the  present  great  Atlas  Company  was  evolved.  It 
was  5  ft.  in  diameter  by  40  ft.  long.  The  first  fuel  tried  was  wood, 
but  a  sufficient  temperature  for  clinkering  could  not  be  obtained  and 
petroleum  was  utilized.  The  cost  of  the  petroleum  became  excessive 
and  in  1895  (only  15  years  ago)  pulverized  coal  was  first  tried  as  a 
fuel  in  the  Atlas  mill.  To  the  American  engineer  and  financier  is  due 
the  wonderful  growth  of  the  business  and  especially  the  development 
of  the  rotary  kiln.  It  was  used  commercially  and  developed  here 
before  being  adopted  in  Germany  and  England  where  the  industry 
originated  and  was  much  older.     The  development  of  the  kiln  from 
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its  original  size  of  5  ft.  in  diameter  by  40  ft.  long  to  one  12  ft.  in  diame- 
ter by  232  ft.  long  indicates  a  remarkable  growth.  Whether^  the 
limit  in  size  has  been  reached  is  a  question  yet  to  be  determined. 
Until  the  last  three  or  four  years  the  6-ft.  by  60-ft.  kiln  was  the 
standard,  and  when  Mr.  Edison  installed  his  9-ft.  by  150-ft.  kilns 
he  was  laughed  at,  but  the  present  manufacturers  have  him  to  thank 
for  the  biggest  single  advance  step  in  the  historj'-  of  the  industry. 
The  main  ideas  in  developing  the  rotary  kiln  appear  to  be  increase  in 
output,  decrease  in  fuel  consumption  per  barrel  and  decrease  m  the 
amount  of  machinery  operating;  in  other  words,  concentration. 
But  it  is  questionable  which  is  the  better  proposition,  a  mill  with 
one  large  unit  producing  2000  barrels  per  day,  or  a  mill  with  four 
smaller  units  producing  the  same  output.  Allowing  for  the  ordinary 
operating  difficulties  and  shutdowns  due  to  repairs  and  other  ordinary 
causes,  the  total  output  of  the  one-unit  mill,  we  believe,  will  be  con- 
siderably less  than  that  of  the  four-unit  mill.  Whether  the  saving 
in  fuel  consumption  of  the  larger  unit  will  make  up  for  this  decrease 
in  production  is  a  question  to  be  considered. 

4  Uses  of  the  Rotary  Kiln.  The  rotary  kiln  has  lately  been  util* 
ized  successfully  in  burning  lime,  drying  materials  of  varied  character 
and  in  driving  off  the  oxides  in  iron  ores.  A  7-ft.  by  100-ft.  kiln  is 
being  successfully  used  in  burning  lime,  and  a  production  of  9  lb. 
of  lime  to  1  lb.  of  fuel  has  been  secured.  The  process  is  continuous 
and  we  believe  it  will  eventually  be  widely  adopted.  As  a  direct- 
heat  rotary  dryer,  it  is  the  best  in  point  of  production  that  can  be 
installed  and  where  a  large  production  is  desired,  a  proper  installa- 
tion is  ultimately  as  economical  as  the  majority  of  the  so-called 
patent   dryers. 

5  The  Jones  "Step-Process"  of  reducing  iron  ore  direct  to  metallic 
iron  by  use  of  the  rotary  kiln  is  very  interesting,  and  is  now  practi- 
cally past  the  experimental  stage.  Crushed  ore  is  passed  through  a 
rotary  kiln  8  ft.  by  120  ft.,  in  which  a  reducing  flame  is  maintained. 
The  coal  saving  over  the  present  blast  furnace  method  is  approxi- 
mately 70  per  cent.  The  following  is  a  comparative  statement  of 
the  fuel  consumption  per  ton  of  steel: 

Jones  Step  Peocess  Ordinary  Process 

Kiln  for  heat 225  1b.  Blast  Furnace 3000  1b. 

Kiln  for  reduction 400  1b.  Puddling  Furnace 500  1b. 

Puddling  Furnace 500  lb. 


Total 1125  1b.  Total 3500  1b. 

Saving,  2375  lb.  fuel  per  ton  steel 
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6  The  Rotary  Kiln  in  Cement  Manufacture.  The  most  important 
use  of  the  rotary  kiln,  however,  is  in  the  burning  of  cement  dinker. 
The  following  is  a  general  description  of  the  design,  installation, 
operation,  etc.,  of  an  8-ft.  by  125-ft.  kiln,  together  with  some  tests 
on  kilns  of  other  sizes. 


Curve-2-.M:ixiimun  Temiieratures  of  :\taterials 

Calculateil  from  Gas  Teiuj-ieratures 

Kote:-  Tt'inp's  at  ijta's  B,l,  12  Actually  OlistTved 

Fig.  2     Temperature  op  Gases  and  Materials  im  a  G-kt.  and  7-ft.    by 
100-FT.  Rotary  Kiln 


7     In  the  manufacture  of  Portland  cement  there  arc,  roughly, 
three  stages: 
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a  Preparation  of  the  raw  materials,  which  consists  of  quarry- 
ing the  rock  and  shale  or  clay,  crushing  and  drying,  and 
pulverizing  the  proper  mixture  to  an  average  fineness 
of  90  to  98  per  cent  through  a  100  mesh  sieve. 

6  Burning  or  clinkering  the  mixture  to  a  degree  of  tempera- 
ture (about  2600  deg.  fahr.)  sufficient  for  the  fusing  of 
the  powdered  material  into  small  greenish-black  clinkers 
about  the  size  of  beans. 

c  Reducing  or  grinding  this  clinker  to  the  required  fineness, 
generally  95  per  cent  through  a  100  mesh  sieve. 


I  Sta.l       Sta.6^ 
I   tiW-i"       lOO-'o'ji 


^o  i  Sta.i 
^oC  'O-O" 


Sta.4 

;i3-4" 


Sta.3 
"50-0" 


Sta.2 

60-8" 


-100-0  Total  Leiigtli  of  Kiln- 


Ignition  Loss 


■  S  i  O2  ■; 


Fig.  3     Chemical  Changes  in  a  6-ft.  and  7-ft.  by  100-ft.  Rotary  Kiln 


8  Fig.  1  shows  a  typical  installation  of  an  8-ft.  by  125-ft.  kiln. 
The  raw  mix  or  kiln  feed  enters  the  stack  end  of  the  kiln,  either 
by  gravity  or  by  screw  conveyor.  The  kiln  is  lined  throughout  with 
nine  inches  of  high  refractory  magnesia  brick  and  is  set  at  an  incline 
of  f  to  f  in.  per  ft.,  which  allows  the  material  to  travel  slowly 
towards  the  other  end  of  the  ^kiln,  from  which  it  discharges  into  a 
conveyor,  cooler  or  elevator.  A  mixture  of  'air  with  gas,  oil  or 
pulverized  coal  is  blown  into  the  discharge  end  of  the  kiln  by  means 
of  compressed  air  furnished  by  an  air  compressor  or  blower.  When 
ignited,  this  mixture  of  air  and  combustible  forms  a  flame  or  blast 
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of  variable  length  which  comes  into  contact  with  the  feed  and  drives 
off  the  moisture  and  then  the  gases,  after  which  clinkering  takes 
place  at  about'_]2600'^deg.  fahr. 

9  The  exact  temperatures  at  different  points  throughout  the 
kiln  were  measured  in  a  7-ft.  by  100-ft.  kiln  operating  upon  the  wet 
process  in  whxh  the  kiln  feed  contained  50  per  cent  moisture.     The 


Sta'16  Sta.lSSta.: 


- — k i iF^^^ 

.14  Sta.isat  ».12  Sta.UsPa.lO    Sta.9    Sta.8    Sta.7     Sta.6    Sta.5 


ta.4   Sta.3    Sta.2 


Sta.l 
60  Ft. 


Discharge  End 


Fig.  4    Chemical  Changes  in  a  6-ft.  by  60-ft.  Rotaky  Kiln 


temperatures  were  taken  by  means  of  a  Le  Chetelier  pyrometer  by 
inserting  the  porcelain  tubes  through  holes  previously  drilled  through 
the  kiln  shell  and  lining.  The  kiln  revolved  very  slowly  (about  one 
revolution  in  from  one  to  four  minutes)  and  the  temperatures  of  the 
gases  were  accurately  determined.     The  temperatures  of  the  material 
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Fig.  5    Chemical  and  Physical  Changes  in  a  6-pt.  by  160-ft.  Rotary  Kiln 
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were  calculated  from  this  data,  as  it  was  very  difficult  to  determine 
the  temperatures  of  the  material  without  breaking  the  porcelain 
tubes.  These  results  were  plotted  as  shown  in  Fig.  2.  Samples  of 
the  material  were  also  taken  for  analysis  at  points  of  temperature 
observations,  and  the  results  plotted  in  Fig.  3. 

10  Fig.  4  is  a  curve  plotted  by  W.  B.  Newberry  from  analyses 
of  samples  taken  every  4  ft.  throughout  the  length  of  a  6-ft.  by  60-ft. 
kiln.  Fig.  5  is  a  curve  plotted  from  analyses  of  samples  taken 
from  a  5^-ft.  and  6-ft.  by  160-ft.  kiln.  This  curve  shows  that  the 
last  or  upper  50  feet  was  comparatively  useless  for  this  diameter  since 
there  was  no  appreciable  chemical  change  in  that  part  of  the  kiln. 

11  A  list  of  kiln  sizes,  together  with  outputs,  fuel  consumptions, 
etc.,  is  given  in  Table  1.     It  has  been  observed  in  practice  that  the 


TABLE  1    KILN  SIZES,  OUTPUTS  AND  FUEL  CONSUMPTIONS 


Lining 

Diameter 

Length 

Output 

Fuel  Consumption 
Lb.  Coal  per  Bbl. 

Inches 

Feet 

Feet 

Bbl.  per  day 

6 

6 

60 

175 

140-160 

6 

7 

80 

300 

125-135 

6 

7 

100 

375 

115-125 

9 

8 

110 

550 

100-110 

9 

8 

125 

600 

90-100 

9 

8 

135 

675 

85-  90 

9 

8 

150 

700 

80-  85 

12 

9 

150 

800 

75-85 

12 

10 

175 

1500 

70-  80 

12 

12 

200 

2000 

65-  70 

diameter  bears  a  certain  relation  to  the  length  of  the  kiln  when 
output  and  fuel  consumption  are  considered:  i.e.,  a  6-ft.  by  60-ft. 
kiln  produces  175  bbl.  at  150  lb.  coal;  a  6-ft.  by  100-ft.  kiln  produces 
300  bbl.  at  125  lb.  coal;  while  an  8-ft.  by  100-ft.  kiln  will  produce 
450  to  500  bbl.  at  110  to  115  lb.  coal.  A  tjqjical  and  popular  size 
just  now  is  8  ft.  to  9  ft.  by  125  ft.  to  130  ft.  long.  This  relation  of 
diameter  to  length  is  expressed  as  follows: 

L  =  D  X  16  (about) 

where  L  =  length  of  kiln  in  ft.  and  D  =  net  diameter  of  kiln  in  ft. 

Actual  results  secured  liy  len'^thening  kiln,  materials  and  process 
remaining  unaltered. 

Size 

Ft. 
6  X  60 
6  X  90 


Output 
Bbl. 

Fuel  Consumption 
per  bbl.,  lb. 

140 

240 

200 

150 
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12  Heat  Balance.  The  following  example  will  show  the  method 
used  to  determine  the  distribution  of  heat  in  the  kiln  and  the  chemical 
and  physical  changes  taking  place  during  the  burning  process.  The 
calculations  are  made  for  one  barrel  of  cement,  taking  the  actual 
analyses  of  raw  materials  and  coal  and  determining  from  them  the 
mix  or  kiln  feed. 

DATA    AND   DIMENSIONS 

Process Dry 

Size  of  kiln 8  ft.  x  125  ft. 

Output  of  kiln 600  bbl.  per  day  or  25  bbl.  per  h.r. 

Fuel  consumption 90  lb.  coal  per  bbl. 

Proximate  analysis  of  coal  percent 

Volatile  matter 38.50 

Fixed  carbon 52.75 

Ash 7.50 

Sulphur 1.50 

B.t.u.  per  lb.  =  (14,544  X  0.5275  +  16,515  x  0.385)  +  (354  X  0.075  -  16.35)  = 
12,421  B.t.u. 

Area  of  kiln 3141  sq.  ft. 

Area  of  hood 185  sq.  ft. 

Size  of  stack %\ii.  X  125  ft 

TEMPERATURES 

deg.  fahr. 

Air  entering  kiln  from  blower 70 

Air  surrounding  kiln  (average) 70 

Raw  mix 60 

Clinker  discharging  from  kiln 1400 

Waste  gases  to  stack 650 

Clinkering  zone 2500 

Temperature  at  which  gases  are  liberated 1000 

Specific  heats  Heats  of  combination 

Air 0.2375  CaO 954.0  B.t.u.  per  lb. 

Waste  gases 0.23  MgO 1488.6  B.t.u.  per  lb. 

Limestone 0 .  160 

Shale 0.2 

Raw  mix 0.2  Heats  of  decomposition 

CO2 0.24  SO3 1890  B.t.u.  per  lb. 

SO2 0.24  CaCOs 765  B.t.u.   per  lb. 

ANALYSES 

per  cent  per  cent 

Rock  Shale 

Ignition  Loss 43.34  3.00 

SiOz 1.54  66.20 

FejOa _ 0.37  5.10 

AI2O3 0.75  18.50 

CaO 53.82  3.00 

MgO 0.80  1.50 
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CALCULATIONS 

Shale  (2.8  X  66.2  +  18.50  X  1.1  +  5.10  X  0.7)  -  (3  +  1.5  X  1.4)  =  204.18  =  n 
Rock(53.82  +  0.8  X  1.4)  -  (1.54  X  2.8)  +  (0.75  X  1.1)  +  (0.37  X  0.7)  =-  49.55  =  m 

n  204.07 

—  =  parts  rock  to  one  part  of  shale  =  =  4.12 

m  49.55 

Less  10  per  cent  for  safety .0.41 

Parts  rock  to  one  part  shale 3.71 


Rock                        Shale 

Loss . . . 

...43.34  X  3.71  =  160.79  +    3.0  = 

163.79 

Si02.... 

..   1.54  X  3.71  =      5.71  +66.2  = 

71.91 

FezOa . . 

..  0.37  X  3.71  =      1.37  +    5.1  = 

6.47 

AI2O3... 

,..  0.75  X  3.71  =      2.78  +  18.5  = 

21.28 

CaO.... 

,..53.82  X  3.71  =  199.67  +    3.0  = 

202.67 

MgO... 

..  0.80  X  3.71  =      2.97  +    1.5  = 

4.47 

470.59 


Raw  Mix 

per  cent 

Loss 163.79  ^  470.59  =  34.80 

SiOa 71.91  -i-  470.59  =  15.27 

FezOa  ....     6.47  -^  470.59  =     1.37 
AI2O3....  21.28  -h  470.59  =    4.52 

CaO 202.67  ^  470.59  =  43.07 

MgO 4.47  H-  470.59  =    0.95 


100  —  34.8  loss  =  65.2  per  cent  available  for  cement 
Finished  Cement 

Si02 15.27  -i-  0.652 

FeaOs....  1.37  -^  0.652 

AI2O3 4.52  ^  0.652 

CaO 43.07  ^  0.652 

MgO 0.95  H-  0.652  = 

99.88 
Cementation  Index 

(2.8  X  23.4)  +  (1.1  X  6.93)  +  (0.7  X  2.1) 
66  +  (1.4  X  1.45) 

Hence  there  is  no  free  lime  in  the  cement  made  from  this  mixture. 


1.09 
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HEAT  BALANCE 
HEAT  DISTRIBUTION  IN   KILN   PER   BBL.    OF  CEMENT   BURNED 

a  71. SI  per  cent  CaCOs  to  be  dissociated 

0.7787  X  600  =  466.5  lb.  CaCOs 

466.5  X  765  =  357,000  B.t.u. 
h  600  lb.  dry  raw  mix  to  be  heated  from  60  deg.  to  1000  deg.  fahr.   (tem- 
perature at  which  gases  are  liberated) 

600  (1000  -  60)  X  0.2  (sp.  ht.)  =  112.800  B.t.u. 
c  380  lb.  mix  heated  from  1000  deg.  to  2500  deg.  fahr.  (clinkering  tempera- 
ture) 

380  (2500  -  1000)  X  0.24  (sp.  ht.)  =  136,800  B.t.u. 
d  380  lb.  clinker  discharged  at  1400  deg.  fahr.  loses  by  radiation, 

380  (1400  -  100  deg.)  X  0.24  (sp.  ht.)  =  118,500  B.t.u. 
e  Loss  by  radiation  from  shell  and  hood. 

(1)  Kiln  shell 

W  =  total  loss  in  B.t.u.  per  sq.  ft.  per  hr. 

S    =  Coefficient  of  radiation  through  a  rough  steel  surface  =  2.77 

Ti  =  Average  temperature  kiln  shell  =  450  deg.  fahr. 

Ti  =  Average  temperature  air  =  70  deg.  fahr. 

B    =  Coefficient  of  construction  =  6 

125  S  (1.0077  Ti  -  1.0077  T2)  -  0.55  B  (Ti  -  T2) 

W  =  

76.9 

_  125  X  2.77  (1.0077  X  450  -  1.0077  X  70)  -  0.55  X  6  (450  -  70) 

76.9 

=  1738  B.t.u.  radiation  per  sq.  ft.  per  hr.  from  kiln  shell 

3141  X  1738  =  5,549,000  B.t.u.  radiation  from  kiln  shell  per  hr. 

Then  -^ ' =  218,360  B.t.u.  radiation  per  bbl.  from  kiln  shell 

25 

(2)  Hood 

Area  =  185  sq.  ft. 

deg.  fahr. 

Average  temperature  of  hood  =  450 

Average  temperature  of  air      =    70 

Difference  in  temperature         =  380 

Formula  =  185  X  380  X  0.74  -  52,000  B.t.u. 
2.84  =  ratio  of  increase  of  radiation  for  difference  in  temperature 

of  380  deg. 
Then  2.84  X  52,000  =  147  B.t.u.  radiation  per  hr.  from  hood 

147,700 

=  5910  B.t.u. radiation  per  bbl.  from  hood 

25 

/  Heat  carried  off  by  COz,  etc.  (temperature  escaping  to  stock  650  deg.) 
208.8  (650  -  70)  X  0.24  (sp.  ht.)  =  29,080  B.t.u. 

g  Heat  carried  off  by  waste  gases 

Weight  air  required  to  burn  1  lb.  coal  =  8  lb.  (approx.)    Assume  I5 
times  theoretical  air  supply. 
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8  X  1.5  =  12  lb.  air  required  to  burn  1  lb.  coal 

12  X  90  =  1080  lb.  air  required  per  bbl. 

(650  -  70)  X  0.23  (sp.  ht.)  =  133.5  B.t.u.  per  lb.  air 

Then  the  loss  per  bbl.  =  1080  X  133.5  =  144,190  B.t.u. 


HEAT   DELIVERED   TO   KILN 

a  Heat  produced  by  combustion  of  coal 

B.t.u.  per  lb.  coal  assuming  1.5  times  theoretical  air  supply  =  12,421 
B.t.u. 

8  X  1.5  =  12  lb.  air  per  lb.  coal 

12  —  8  =  4  lb.  air  excess 

4  (650  -  70)  X  0.2375  (sp.  ht.)  =  550  B.t.u.  absorbed  per  lb.  coal  by 
excess  air 

Then  12,421  -  550  =  11,871  B.t.u.  per  lb.  coal  available 

90  X  11,871  =  1,068,390  B.t.u.  total  heat  of  combustion 
6  Heat  received  due  to  cooling  of  gases  (CO2  etc.)  from  1000  deg.  to  650 

I   deg.  fahr. 

0.348  X  600  =  208.8  lb.  CO2,  etc. 

208.8  (1000  -  650)  X  0.24  (sp.  ht.)  =  17,520  B.t.u. 
c  Heat  liberated  by  chemical  reaction 

0.66  X  380  =  251  lb.  CaO  per  bbl. 

251  X  954  =  239,434  B.t.u. 

0.0145  X  380  =  5.51  lb.  MgO  per  bbl. 

5.57  X  1489  =  8204.39  B.t.u. 
d  Heat  carried  into  kiln  through  blow  pipe 

1080  lb.  air  required  per  bbl. 

1080  X  (70  -  32)  X  0.2375  (sp.  ht.)  =  9750  B.t.u. 


SUMMARY 

Heat  distribution  in  kiln  „ 

B.t.u.  per 

per  bbl.  cent 

a  Dissociation  of  carbonates 357,000  26.6 

h  Heating  600  lb.  dry  raw  mix  from  60  deg.  to  1000 

deg.  fahr 112,800  8.26 

c  Heating  380  lb.  mix  from  1000  deg.  to  2500  deg. 

fahr 136,800  10.00 

d  Loss  through  radiation  from  discharged  clinker  118,500  8.8 

e  Radiation  from  shell  and  hood 224,270 

/  Carried  off  by  gases  (CO2  etc.) 29,040 

g  Carried  off  by  waste  gases 144,190 

Total 1,122,640 

Received  by  kiln 1,341,322 

Difference  unaccounted  for(probably  radiation)       218,682 

Total 99.77 


16.8 
2.16 
10.70 

83.32 
16.45 
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Heat  received  by  kiln 

B.t.u.  per 

per  bbl.  cent 

o  Combustion  of  coal 1,068,390  79.65 

b  From  cooling  gases 17,520  1 .  30 

c  Liberated  by  chemical  reactions 247,662  18.46 

d  Delivered  through  air  pipe 9,750  0.72 

Total 1,341,322  100.13 


R  S 

Outer  Fibre  Stress  Cui-\-es 
Curve  "A"  Represents  Stresses  in  cold  Shell. 
Curve  "B"  Represents  Stresses  in  cold  Shell, 
considering  Efficiency  of  Joints. 
Curve  "C"  Represents  Stresses  in  Shell, 
considering  the  iveakening  effect  of  Heat. 


Fig.  6    Stress  Diagram  for  an  8-ft.  by  125-ft.  Rotary  Kiln  with 
Improper  Tire  Spacing 


From  the  foregoing  summary,  it  will  be  noticed  that  only  44  per 
cent  of  the  heat  delivered  to  the  kiln  is  theoretically  required,  the 
balance  being  lost  through  radiation,  carried  off  by  waste  gases,  etc. 

13  Design.  In  designing  a  kiln  it  is  necessary  to  take  into  con- 
sideration the  weakening  effect  of  the  heat  upon  the  strength  of  the 
steel.  For  this  reason  it  is  necessary  so  to  space  the  riding  tires 
or  supports  that  the  outer  fiber  stresses  at  points  of  maximum  bend- 
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ing  moments  will  be  nearly  equal  after  considering  the  weakening 
effect  of  the  heat  and  the  joint  efiiciences.  Fig.  6  illustrates  the  effect 
of  improper  spacing  of  tires.  This  kiln,  the  exact  duplicate  of  the 
one  in  Fig.  8,  will  carry  a  load  only  one-half  as  great,  assuming  the 
same  factors  of  safety,  due  to  the  location  of  the  points  of  support. 
14  Were  it  not  for  the  presence  of  heat,  the  design  of  a  kiln  would 
be  comparatively  simple,  as  riding  tires  could  be  placed  as  closely 
as  desired.  Fig.  7  illustrates  an  8-ft.  by  125-ft.  kiln  on  three  sup- 
ports and  the  bending-moment  curve  when  all  three  tires  are  touch- 


Po    Discharge  End 


3-Tire  Moment  Curve 
(  Center  Tire  not 
toiifliing  Rollers) 


Fig.  7    Stress  Diagram  for  an  8-ft.  by  125-ft.  Rotary  Kiln  with 
Three  Supports 


ing  the  carrying  rollers  and  when  only  two  are  touching.  In  operat- 
ing a  kiln  it  is  very 'often  necessary  to  stop  its  rotation  for  a  few 
seconds  or  minutes  and  the  intense  _heat  gives  the  kiln  ,a  perma- 
nent "set."  Assuming  the  carrying  rollers  to  be  in  proper  align- 
ment, there  is  a  portion  of  the  revolution  when  the  kiln  is  riding  on 
07dy  two  tires.  This  obviously  increases  the  bending  moment  and 
the  outer  fiber  stress  beyond  the  limits  of  safety,  which  inevitably 
results  in  the  shearing  of  rivets  or  the  tearing  of  plates.     Fig.  8  illus- 
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Fia.  s    Stress  Diagram  for  an  8-ft.  by  125-pt.  Rotary  Kiln  with 
Proper  Tire  Spacing 
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trates  an  8-ft.  by  125-ft.  kiln  with  tires  properly  spaced  and  the 
outer  fiber-stress  curves  plotted.  Curve  A  represents  stresses  in 
the  cold  shell;  curve  B,  stresses  after  considering  the  efficiency  of 
riveted  joints;  curve  C,  stresses  considering  the  weakening  effect  of 
the  heat.  In  this  latter  curve,  the  stresses  U'-L",  I'-M",  and 
X'-Q"  should  be  practically  equal. 
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Fig.  9    Fuel  Consumption  Curve 


15  The  Law  of  Pivotal  Points.  In  the  following  paragraph  an 
endeavor  is  made  to  apply  to  the  rotary  kiln  the  natural  law  known 
as  the  Law  of  Diminishing  Returns  or  the  Law  of  Pivotal  Points. 
With  given  conditions  as  to  materials,  fuel,  size  of  kiln  and  other  im- 
portant considerations,  there  is  a  certain  production  in  barrels  per 
day  where  the  fuel  consumption  is  a  minimum.  Conditions,  mater- 
ials and  other  features  vary  so  much  in  d  fferent  locations  that  it  is 
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extremely  difficult  to  make  a  definite  statement  as  to  this  Law  of 
Pivotal  Points  for  each  size  of  kiln.  In  Fig.  9  is  plotted  the  curve 
for  an  8-ft.  by  125-ft.  kiln,  operating  upon  average  limestone  and 
shale  by  the  dry  process. 

16  To  illustrate,  if  this  kiln  is  producing  300  bbl.  per  day,  the 
fuel  consumption  is  160  lb.  per  bbl.;  at  400  bbl.  the  fuel  used  is  120 
lb.;  and  the  point  of  economical  fuel  consumption  is  90  lb.  per  bbl., 
at  which  point  the  output  is  600  bbl.  per  day.  Beyond  this  produc- 
tion the  fuel  consumption  increases  until  the  kiln  is  literally  choked. 

The  author  hopes  to  be  al)le  to  present  more  extensive  informa- 
tion along  this  line  in  the  near  future. 


AUTOMATIC  CONTROL  OF  CONDENSING 
WATER 

By  B.  Viola,  Brooklyn,  N.  Y. 

Memher  of  the  Society 

Condensers  for  vacuum  plants,  to  which  this  paper  is  chiefly 
devoted,  employ  the  wet  system  of  condensation,  in  which  the  cool- 
i  g  surface  is  that  of  the  cooHng  water  during  its  progress  through 
the  condenser. 

2  In  practice  it  is  often  found  that  the  injection  of  coohng  water 
is  unnecessarily  increased  at  times  by  incorrect  operation  of  the  con- 
densing plant.  Beside  other  visible  indications  of  this  mistake  the 
temperature  of  the  condensed  water  shows  it  most  strikingly.  When 
too  much  water  is  used  the  work  of  the  air  pump  is  made  more  diffi- 
cult because  of  the  air  liberated  from  the  water  and  if  the  pump  is 
accurately  proportioned  for  normal  operation  it  is  unable  to  accom- 
plish the  extra  work.  If  the  pump  is  large  enough,  the  work  is 
accomplished,  but  at  the  expense  of  additional  steam.  If  a  wet  air 
pump  is  employed  it  is  called  upon  to  remove  an  excess  of  both  air 
and  water.  Moreover,  the  excessive  injection  of  water  causes  a 
higher  pressure  in  the  condenser.  Assuming  the  falling  water  to 
be  a  liquid  cylinder,  the  outer  surface  of  this  cylinder  upon  entering 
the  hot  steam  takes  up  the  heat  of  the  steam,  while  the  interior  parts 
remain  cooler.  If,  owing  to  the  great  velocity  of  the  fall,  the  water 
column  is  unable  to  effect  cooling  by  the  interior  portions  of  the  water 
as  well  as  by  the  exterior  surface,  the  heat  of  the  discharged  water 
will  be  too  low.  But  if  the  equalization  of  temperature  can  be 
brought  about  through  the  whole  water  cylinder  during  this  fall  the 
cooling  power  of  the  water  can  be  utilized  more  completely. 

3  The  more  finely  the  water  can  be  divided  in  falling  the  more 
readily  will  the  gases  pass  through  it  and  the  resistance  will  be 
diminished  as  the  surface  is  increased.     The  division  of  the  water 
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brings  about  to  a  great  extent  the  escape  of  the  air  contained  in  the 
cooling  water.  This  division,  however,  is  never  fine  enough;  hence 
in  counter-current  condensers  the  real  counter  flow  takes  place  only 
upon  the  surface  of  contact  between  water  and  steam. 

4     Proper  utilization  of  the  cooling  surface  can  only  be  provided 
for  by  a  proper  arrangement  of  the  time  of  contact.     For  a  freely 


Fig.  1     Concentric  Counter-Current  Condenser 

falling  body  the  time  of  falling  with  reference  t)  the  height  of  the 
fall  is 


sl-"  xVh 
^  g 


V        \/2gh 
ih  —       =       —  '■ 

3        g 

Theoretically,  therefore,  the  time  increases  as  the  square  root  of  the 
height  of  the  fall,  but  in  the  condenser  the  resistance  increases  with 
the  height  of  the  fall.     Dividing  the  height  of  the  fall  into  ??  parts, 
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we  have  h  =  n~ .     Giving  to  the  resistance  the  smallest  value  possible 
n 

and  to  the  time  of  heat  transfer  in  the  condenser  the  highest  value, 

the  limit  of  the  time  of  contact  of  water  and  heat  will  be 


Fig.  2    Autographic  Chart  Showing  Variations  in  Temperature 
Under  Hand  Regulation 


Then  for  every  value  where  n>  1,  we  have  tf   h\    >  ^h 

h 
and  in  general  i/   h\  =  i^nth-     If  '>i  lJ6  taken  very  large  and  -  very 
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small,  the  time  of  contact  between  steam  and  water  in  the  condenser 
will  be  extended  proportionately  since 

h  _  gf 

n  ~  2n2 

5     It  is  necessary,  however,  that  the  partial  fall   -  be  not  less  than 

n 

the  value  required  by  the  amount  of  steam  to  be  condensed.     From 


Fig.  3    Autographic  Chart  Showing  Variations  in  Temperature 
WITH  Automatic  Regulations 

this  calculation  it  is  seen  that  the  velocity  of  the  water  is  gov- 
erned by  the  height  of  fall  and  it  is  advisable  to  restrict  this  height 
in  order  to  prevent  friction  resistance,  if  for  no  other  reason.  The 
smallest  value  of  friction  resistance  is  at  h  =  0,  corresponding  to  the 
condition  when  steam  and  gases  flow  over  standing  water.     Plants 
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of  such  construction,  however,  would  be  too  large.  Moreover, 
water  and  gases  being  poor  heat  conductors  when  in  a  state  of  rest, 
it  is  necessary  to  provide  for  a  certain  degree  of  motion  for  water  in 
a  condenser. 

6  Further,  the  quantity  of  steam  condensed  per  unit  of  time  is 
directly  proportional  to  the  cooling  surface  and  a  division  of  the 
cooling  water  is  therefore  equivalent  to  an  extension  of  the  cooling 
su  -face. 


Fig.  4 


Autographic  Chart  Showing  Variations  in  Vacuum  with 
Automatic  Regulation 


7  Therefore,  to  heat  condensed  water  quickly  to  the  necessary 
temperature  by  direct  contact  with  the  steam,  it  is  necessary  (a) 
that  the  surface  of  the  cooling  water  be  large,  (6)  that  the  cooling 
surface  change  quickly,  and  (c)  that  the  time  of  contact  between  steam 
and  water  be  as  long  as  possible. 
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8  To  fulfill  these  conditions  a  concentric  counter-current  con- 
denser such  as  that  shown  in  Fig.  1  gives  the  best  resu'.ts.  This 
condenser  is  designed  for  use  in  connection  with  two  or  more  vacuum 
pans.  By  the  addition  of  basins  or  trays  the  duration  of  the  con- 
tact between  water  and  steam  is  raised  in  the  ratio  of  V"  n,  resulting 
in  an  economy  of  water.  Some  water  will  accumulate  in  each  of 
these  trays  temporarily  and  the  temperature  is  therefore  equalized 
at  each  stage.  The  fresh  supply  of  water  will  sink  to  the  bottom  of 
the  tray,  forcing  the  lower  stratum  upward  on  account  of  the  differ- 
ence in  temperature,  and  the  warmer  water  will  flow  over  from  one 
tray  to  the  next.  The  trays  in  this  manner  form  zones  with  the 
desired  small  difference  of  temperature  and  constitute  a  graduated 
scale  from  the  temperature  of  the  steam  admission  to  that  of  the  ras 
outlet.  The  surface  of  condensation  depends  primarily  on  the  size 
of  the  cooling-water  cylinder  when  the  depth  of  the  trays  is  greater 
that  zero.  It  may  even  be  said  that  these  moving  water  columns 
promote  the  cooling  and  air  and  gases  will  pass  at  the  surface  of  the 
trays  even  though  they  do  not  pass  at  the  bottom.  During  the  time 
the  water  remains  in  the  trays  it  has  a  chance  to  take  up  more  heat, 
which  is  withdrawn  from  the  steam.  It  is  very  important  that 
enough  water  be  permitted  to  flow  to  secure  good  results,  but  by 
providing  the  trays  with  spray  holes,  the  cooling  effect  of  the  water 
is  considerably  increased. 

9  The  work  of  the  condenser  varies  with  temperature,  but  in 
general  it  performs  about  610  times  the  work  of  the  air  pump,  volu- 
metrically  speaking.  It  is  absolutely  necessary  to  exhaust  the  air 
and  gases  to  promote  condensation,  but  the  best  air  pump  cannot 
do  good  work  with  a  poor  condenser,  while  a  good  condenser  accom- 
plishes at  least  fair  results  with  an  indifferent  air  pump. 

10  It  is  very  important  that  the  right  quantity  of  water  be  used 
to  condense  a  certain  quantity  of  steam.  This  matter  is  neglected 
in  most  condensing  plants  and  some  kind  of  automatic  device  should 
be  applied  to  regulate  the  flow  of  cooling  water.  Experience  has 
shown  that  the  amount  of  water  should  be  from  20  to  40  times  that 
of  the  steam  to  be  condensed.  This  is  a  very  wide  limit  and  in  large 
condensing  plants  where  immense  quantities  of  cooling  water  are 
required  some  controlling  device  should  be  applied  from  an  econom- 
ical standpoint,  so  that  water  will  not  be  wasted. 

1 1  The  first  step  is  to  decide  at  what  temperature  the  water 
should  be  discharged  from  the  condenser.  This,  of  course,  bears 
a  certain  relation  to  the  steam  to  be  condensed.     The  description 
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which  follows  is  a  record  of  experiments  made  and  results  achieved 
with  a  condensing  plant  used  in  connection  with  vacuum  pans.  I 
first  applied  a  recording  theremometer  in  the  tail  pipe  of  a  concentric 
barometric  condenser  for  the  purpose  of  controlling  the  cooling  water 
by  hand  operation  of  the  inlet  valve;  but  it  was  very  difficult  to  con- 
vince the  operator  of  the  condenser  that  it  was  not  neces-ary  to  let 
the  cooling  water  run  off  cold,  because  it  is  generally  believed  the 
colder  th  3  water  the  higher  the  vacuum.  The  variations  in  tempera- 
ture under  hand  control  can  be  seen  in  Fig.  2.  After  experimenting 
for  some  time  it  was  found  very  difficult  to  secure  good  results 
by  hand  regulation  because  of  the  continuous  changes  which  must 
be  made  to  meet  conditions  as  the  number  of  pans  connected  to  the 
condenser  is  increased  or  decreased.  This  led  to  the  application  of 
an  automatic  temperature  controller  in  the  tail  pipe  connected  to 
the  compressed-air  inlet  valve,  by  which  it  was  found  possible  to 
feed  the  condenser  approximately  in  proportion  to  the  steam  or 
vapor  which  had  to  be  condensed,  resulting  in  a  better  average  tem- 
perature of  the  condensed  water  and  only  slight  variations. 

12  The  temperature  of  the  condensed  water  at  a  given  time  may 
be  compared  with  the  corresponding  vacuum  secured  by  automatic 
regulation  from  Figs.  3  and  4.  By  maintaining  a  nearly  equal  tem- 
perature of  the  condensed  water,  a  very  uniform  vacuum  was  ob- 
tained except  at  periods  when  a  new  vacuum  pan  was  charged.  The 
most  striking  changes  will  be  noticed  at  10.30  p.m.,  2.45  a.m.  and  6 
a.m.  in  Fig.  4.  At  the  same  periods  the  controlling  thermometer  shows 
a  considerable  fall  in  temperature,  due  solely  to  the  temperature  of 
the  air  drawn  in  from  a  newly  charged  pan  which  was  filled  with  air 
at  the  temperature  of  the  operating  room.  The  vacuum  pump  draws 
it  into  the  condenser,  as  a  consequence  of  which  the  vacuum  drops 
until  all  the  air  is  drawn  out  and  the  new  pan  reaches  an  equilibrium 
with  the  vacuum  the  pump  is  able  to  keep  up  in  connection  with 
the  other  pans.  During  this  period  of  low  vacuum  the  water  is 
shut  off  by  the  control. ing  thermometer  and  no  cooling  water 
whatever  enters  the  condenser.  Since  the  other  pans  are  boiling,  the 
temperature  in  the  condenser  increases  until  the  water  left  in 
the  trays  is  raised  to  the  temperature  limit,  when  the  controlling 
thermometer  opens  the  inlet  valve  and  the  cooling  water  is  again 
admitted. 

13  The  fact  that  the  higher  vacuum  is  not  obtained  with  an  excess 
of  cooling  water  can  be  seen  from  Figs.  3  and  4.  Between  4.45  and 
5.15  a.m.,  when  according  to  the  chart  the  lowest  temperature  was 
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110  deg.  and  the  highest  120  deg.,  the  corresponding  vacuum  was  25.8 
in.  The  charts  shown  in  Figs.  5  and  6  show  even  higher  vacuums  with 
a  temperature  of  120  deg.,  the  same  vacuum  pump  and  the  same  num- 
ber of  vacuum  pans  being  used  in  each  case. 

14     The  construction  and  operation  of  the  automatic  controlhng 
device  by  which  the  foregoing  results  were  obtained  is  shown  in  Fig. 


Fig. 


Autographic  Chart  Showing  Variations  in  Temperature 
WITH  Automatic  Regulation 


7.  The  stem  B  expands  and  contracts  in  response  to  temperature 
changes  of  the  condensed  water.  The  pipe  E  supplies  compressed  air 
of  about  15  lb.  pressure  to  the  valve  mechanism  of  the  controller,  from 
which  it  passes  through  pipe  G  to  the  water-inlet  valve,  where  it  actu- 
ates a  regular  globe  valve  D  by  means  of  a  diaphragm  motor  which 
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replaces  the  ordinary  hand  wheel.  The  temperature  of  the  condensed 
water  affecting  the  stem  of  the  controller  permits  all,  a  part,  or  none  of 
the  compressed  air  to  pass  to  the  diaphragm-motor  valve  and  con- 
sequently the  latter  is  very  nearly  closed,  partly  open,  or  wide  open 
according  to  the  conditions  prevailing,  allowing  the  proper  flow  of 
water  to  the  condenser. 


Fiii.  G    Autographic  Chart  Showing  Variations  in  Vacuum  with 
Automatic  Regulation 


15  Let  us  assume  that  the  vapor  pipe  has  been  delivering  an 
amount  of  vapor  to  the  condenser  which  requires  an  amount  of  water 
that  will  flow  through  the  inlet  valve  when  the  latter  is  exactly  half  open. 
Should  more  vapor  enter  the  condenser,  however,  the  temperature 
of  the  water  passing  through  the  tail  pipe  would,  of  course,  start  to 
rise,  but  as  soon  as  the  controller  stem  was  affected  by  this  higher 
temperature  it  would  expand  and  cause  the  valve  mechanism,  of  the 
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controller  to  allow  less  air  to  flow  to  the  water-inlet  valve.  Conse- 
quently this  water  valve  would  act  to  allow  more  water  to  pass  through 
and  thus  maintain  the  proper  proportion  between  the  volumes  of 


Fig.  7    Diagram  of  Automatic  Condensing  Water  Control 


vapor  and  cooling  water.  The  auxiliaries  are,  /,  a  thermometer  to  in- 
dicate the  temperature  of  the  cooling  water;  F,  a  hand  valve  for  emer- 
gency use;  C,  a  thermometer  to  indicate  the  temperature  of  the  water 
passing  through  the  tail-pipe  and  serving  as  a  check  on  the  recording 
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thermometer,  which  has  its  bulb  at  A  and  its  dial  at  0;  and  P,  a  re- 
cording vacuum  gage,  checked  by  a  mercurial  absolute-pressure  gage, 
Q.  The  initial  supply  of  compressed  air,  M,  which  ultimately  oper- 
ates the  diaphragm-motor  valve  on  the  water  inlet,  enters  the  trap 
N,  where  any  moisture  or  sediment  is  separated  and  which  also  acts 
as  a  storage  reservoir.  Gage  L  shows  the  initial  pressure  of  the  com- 
pressed air  supply,  which  is  reduced  by  passing  through  reducing  valve 
K  to  the  pressure  required  for  the  controller,  as  shown  by  gage  H. 

16  Fig.  8  shows  the  very  simple  construction  of  the  controller  by 
means  of  a  section  through  A-B.  The  stem  *S  is  in  two  parts,  the  outer 
brass  tube  and  the  inner  rod.    The  latter  is  composed  of  a  material 


///■  Comecfm 


Sedm  A-B 


Fig.  8    Construction  of  Automatic  Controller 


which  has  an  extremely  low  ratio  of  expansion  and  therefore  remains 
of  almost  constant  length,  regardless  of  temperature,  while  the  outer 
brass  tube  elongates  or  contracts  in  response  to  temperature  changes. 
The  tube  and  rod  are  so  arranged  that  they  are  always  in  intimate 
though  frictionless  contact  at  the  extreme  end.  R  shows  the  exten- 
sion of  the  inner  non-expanding  member,  which  recedes  when  the  outer 
tube  elonga'*^es  and  advances  when  the  outer  tube  contracts. 

17  The  movement  thus  obtained  at  R  is  transmitted  by  the  lever 
T  to  the  valve  mechanism  shown  in  cross  section.  This  is  simply  a 
three-port  valve,  shown  more  clearly  in  the  section  A-B,  and  all 
ports  are  controlled  by  the  one  ball  W.  The  first  port,  7,  is  the  inlet 
for  the  compressed  air  supply;  another  port,  the  second,  connects 
with  the  line  leading  to  the  diaphragm-motor  valve;  the  third  port  is 
the  outlet  for  the  air  which  has  served  its  purpose  by  actuating  the 
diaphragm-motor.    The  position  of  the  ball  W  depends  upon  the  stem 
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X,  which  is  in  contact  with  the  lever  T  at  Y.  When  extension  R 
moves  outward  due  to  the  drop  in  temperature  at  S,  the  lever  T  is 
raised,  and  the  stem  X  allows  the  ball  W  to  leave  port  V  where  the 
compressed  air  enters.  The  air  can  then  flow  through  the  second  port 
to  the  diaphragm-motor  valve,  which  starts  to  close.  If  a  higher  tem- 
perature acts  upon  S,  expanding  the  outer  tube  and  turning  extension 
R  inward,  lever  T  forces  stem  X  against  ball  W.    The  latter  then 


Fig.  9     SectionJThrough  Diaphragm-Motor  Valve 


closes  port  V,  shuts  off  the  air  supply,  and  also  opens  the  third  port 
so  that  the  air  can  escape  from  the  diaphragm  motor.  The  diaphragm- 
motor  valve  consequently  begins  to  open. 

18  In  actual  practice,  the  diaphragm-motor  valve  is  only  com- 
pletely closed  or  wide  open  if  the  conditions  are  such  that  the  tend- 
ency is  toward  a  sudden  change  in  temperature.  The  controller  is 
so  sensitive  that  the  diaphragm-motor  valve  is  constantly  throttling, 
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that  is,  letting  in  just  a  little  more  or  a  little  less  water  as  may  be  re- 
quired properly  to  effect  the  condensation. 

19  If  it  is  desired  to  change  the  setting  of  the  controller,  to  main- 
tain a  higher  or  a  lower  temperature,  it  is  necessary  simply  to  apply  a 
key  to  the  port  Z  and  by  turning  it  one  way  or  the  other  require  ex- 
tension R  to  travel  more  or  less  before  the  controller  operates. 


Fig.  10    Autographic  Chart  Showing  Automatic  Temperature 
Regulation  of  a  Surface  Condenser 


20  Fig.  9  shows  the  diaphragm-motor  valve  in  section.  This  valve 
has  a  regular  globe  body,  with  a  seat''and  disc  arranged  in  the  usual 
manner,  but  with  a  sliding  stem  that  is  operated  by  the  diaphragm 
motor.  The  compressed  air  enters  chamber  C  at  opening  A.  This 
chamber  is  composed  of  a  cast-iron  top  B  and  a  rubber  bottom  D, 
called  the  diaphragm.    The  air  pressure  forces  the  diaphragm  down- 
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ward  and  the  saucer  E  thus  forces  the  stem  F  downward  while  com- 
pressing the  spring  G.  When  the  air  pressure  is  reheved  the  spring 
opens  the  valve  again. 

21  This  installation  has  been  the  means  of  saving  about  $400 
monthly  for  over  a  year  in  the  charges  for  city  water  which  was  for- 
merly wasted. 


Fig.  U     Autographic  Chart  Showing  Automatic  Vacuum  Regulation 
OF  A  Surface  Condenser 


22  In  Figs.  10  and  11  are  shown  autographic  charts  taken  from  a 
temperature  controller  and  applied  to  a  single  surface  condenser 
connected  to  a  vacuum  drier.  With  this  installation  very  good  re- 
sults have  been  obtained  and  the  quantity  of  cooling  water  has  been 
decreased  from  35  to  50  per  cent  over  that  required  with  hand 
regulation. 
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23  The  question  arises  as  to  whether,  with  an  equipment  as  de- 
scribed above,  it  is  possible  to  attain  a  cooling-water  rate  near  enough 
to  that  called  for  by  theoretical  formulae  to  be  economical.  Records 
of  the  water  consumption  as  determined  by  meter  readings  show  re- 
sults very  close  to  theoretical  and  indicate  great  savings  over  the 
water  required  with  former  conditions  of  operation. 


MrWe> 


^^~^=^^^:^  ^^mrgrMr 


Fig.  12     Combined  Surface  and  Spray  Condenser  as  Applied  to 
Vacuum  Pan 


24  In  sugar  refineries,  combined  surface  and  spray  condensers  are 
usually  employed  which  are  similar  to  that  shown  in  Fig.  12.  The 
vapor  from  the  vacuum  pan  passes  the  surface  condenser  first  for  the 
reason  that  in  case  the  vapor  carries  along  some  sugar  particles,  they 
will  be  condensed  at  that  point  and  can  be  [used  to  dissolve  the  raw 
sugar.  In  this  way  nothing  is  lost.  The  remainder  of  the  vapor 
passes  to  the  spray  condenser,  is  condensed  and  flows  down  the  tail- 
pipe. 

25  Condensers  of  this  type  require  a  considerable  quantity  of  water 
and  permit  of  great  waste  when  no  controlling  device  is  employed. 


1594  AUTOMATIC    CONTROL   OF    CONDENSING   WATER 

Even  where  salt  water  is  used  this  waste  should  not  be  permitted  be- 
cause it  increases  materially  the  quantity  of  steam  necessary  for  the 
operation  of  the  pumps.  In  many  cases  where  salt  water  is  now  used 
on  account  of  the  great  quantity  required,  the  use  of  a  well-constructed 
counter-current  condenser  operated  economically  with  a  precise 
temperature  controller  may  make  possible  the  use  of  sweet  water. 
This  is  a  decided  advantage  where  the  condensed  water  can  be  used 
for  boiler-feed  purposes.  I  would  not  recommend  its  use  in  the  same 
condition  as  when  it  flows  from  the  tail-pipe,  in  spite  of  the  assertion 
that  condensed  water  does  not  contain  any  impurities  carried  over 
from  the  source  of  the  vapor.  In  steam  engine  plants  for  instance,  it 
is  well  known  that  condensed  steam  contains  oil,  etc.,  and  it  is  never 
pumped  direct  to  the  boilers.  It  has  been  determined  from  frequent 
analysis  that  condensed  water  from  vacuum  plants  does  not  contain 
sugar  or  acid  from  the  evaporation  of  acid  liquor,  but  the  so-called 
untraceable  losses  in  vacuum  plants  must  necessarily  be  looked  for  in 
the  condensed  water.  The  quantity  of  water  used  is  so  great  that  the 
presence  of  these  impurities  is  not  noticeable,  but  practical  experience 
has  proved  them  to  be  i^resent.  However,  when  this  condensed  water 
at  a  high  temperature  (110  to  120  deg.)  is  passed  through  an  efficient 
water-purifying  plant,  there  is  no  doubt  that  it  maj^  safely  be  used  for 
boiler  feed. 


THE  UNITED  STATES  BATTLESHIP 
NORTH  DAKOTA 

At  a  joint  meeting  of  a  number  of  engineering  societies  in  and 
about  Boston,  held  at  the  Hotel  Somerset  in  that  city  on  Friday 
evening,  January  21,  1910,  C.  B.  Edwards,  chief  engineer  of  the 
Fore  River  Shipbuilding  Company,  gave  an  illustrated  lecture  de- 
scriptive of  the  battleship  North  Dakota,  which  was  at  that  time 
the  latest  addition  to  the  United  States  Navy,  and  which  was  de- 
designed  and  con'^tructed  under  the  direction  of  Mr.  Edwards. 


Fig.  1  Launching   of  the  U.  S.   Battleship  North  Dakota, 
November  10,  1908 
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Fig.  2    Sectional   View   of   Babcock   and   Wilcox   Boilers 

These  boilers  are  fitted  with  superheaters  for  the  use  of  oil  fuel  In  conjunction  with  coal.    Grate 
surface,  1439  sq.  f t. ;  heating  surface,  55,800  sq.  ft. ;  superheat  surface,  6194  sq.  ft. 
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Fig.  9  Torsion  Meter  for  Measuring  Twist  of  Shaft  and   Horsepower 
Transmitted 

The  shaft  is  14  in.  in  diameter  with  an  8-in.  bore.    The  twist  is  about  one  degree  in  a  length  of  8  ft. 
when  transmitting  full  power. 


Fig.  10  Steering-Engine  Room 

Wire  ropes  transmit  the  motion  from  the  wheels  on  the  bridge  and  In  the  conning  towers  to  the 
drums  for  operating  the  steam  steering  gear.    The  large  wheels  provide  means  for  steering  by  hand. 
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A  number  of  the  lantern  slides  used  to  illustrate  Mr.  Edwards' 
lecture  are  reproduced  herewith,  together  with  descriptive  captions 
taken  from  his  remarks  as  the  pictures  were  thrown  on  the  screen. 


Fig.  U     The  Dynamo  Room 

Four  300-kw.  turbo-generating  sets  are  crowded  into  a  space  of  about  20  ft.  by  42  ft. 


The  North  Dakota  is  518  ft.  in  length  and  85  ft.  in  width,  and 
has  a  draft  of  26  ft.  lOf  in.  She  has  a  normal  displacement  of  20,- 
000  tons  and  contains  approximately  1950  tons  of  machinery.  There 
are  431  watertight  compartments,  not  including  the  inner  bottom, 
besides  many  other  compartments  which  are  non-watertight.  Prac- 
tically all  of  the  auxiliary  machinery  was  tested  under  approximately 
normal  operating  conditions,  and  the  water  rates  established  before 
installation. 
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Fig.  12    Crane  for  Hoisting  Boats  Aboard 


This  crane  Is  operated  by  electric  motors  and  has  a  capacity  of  33,000  lb.  Note  the  search' Ight  on 
top  of  the  crane  post  and  the  one  on  the  bridge.  There  are  four  36-in.  and  four  60-ln.  searchlights 
on  the  ship. 
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Fig.  13    Workshop 

Each  tool  Is  provided  with  Individual  motor  drive  and  extensive  repairs  can  ' 


made  on  board 


Fig.  14    Stern  View  Showing  Propellers 

The  propellers  are  made  of  a  new  alloy  known  as  Monel  metal,  containing  about  60  per  cent  of 
nickel.  The  working  surfaces  are  accurately  planed  to  a  true  screw  for  a  pitch  of  10  ft.  4  In.  anda 
diameter  of  13  ft. 
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A  number  of  additional  views  were  shown  and  described,  which 
are  not  reproduced,  among  which  were  some  of  theauxihary  machinery 
and  a  number  of  novel  details  of  construction.  These  features  include 
a  refrigerating  plant  for  cold  storage  purposes,  ice-making,  and 
cooling  the  magazine;  the  evaporating  and  distilling  plant  used  to 
provide  the  vessel  with  fresh  water,  which  has  a  capacity  of  25,000 
gallons  in  24  hours,  an  engineering  feature  seldom  found  except  on 
a  battleship;  a  typical  radiator,  designed  to  heat  the  vessel  in  cold 
climates  and  to  cool  it  in  tropical  regions,  making  comfort  in  any 
climate  possible;  the  interior  of  the  galley,  with  steam  kettles  and 
other  means  of  cooking  for  the  crew  of  934  men,  where  a  considerable 
amount  of  steam  is  used,  constituting  an  engineering  problem  in 
itself. 


A  GRAPHICAL  METHOD  FOR  CALCl  LATINO 
STRESSES  IN  A  CONNECTING  ROD 

By  Winslow  H.  Herschel,  New  York 
Mem))er  of  the  Society 

Connecting  rods  are  usually  calculated  by  formul  e.  While 
empirical  formulae  are  sufficiently  accurate  for  slow  engines  where 
the  inertia  forces  may  be  neglected,  at  how  high  a  speed  such  formulae 
may  be  used  is  always  a  question.  Thurston^  gives  two  formulae, 
one  for  engines  of  moderate  speed  and  the  other  for  fast  engines, 
but  even  in  this  case  it  is  difficult  to  determine  at  what  number  of 
revolutions  per  minute  we  must  discard  one  formula  in  favor  of  the 
other. 

2  Analjrtical  formulae  are  also  unsatisfactory  because  they  are 
based  on  incorrect  assumptions.  In  the  course  of  this  paper  I  shall 
first  enumerate  the  usual  assumptions,  and,  taking  up  each  in 
turn,  show  how  it  may  be  avoided,  and  finally  give  three  numerical 
examples  of  the  application  of  the  new  method. 

3  Assumption  a.  The  formula  for  calculating  the  bending 
moments  due  to  the  inertia  forces  may  be  written 

M,=  —  ~r—    f^] 

Qgl 

where 

Mi=  bending  moment  due  to  the  normal  components  of  the 
ine.tia  forces  in  in.  lb. 
I  =  distance  between  the  crosshead  and  crank  pins,  or  length 

of  rod,  in  in. 
X  =  distance  from  the  crosshead  pin  to  the  section  under 

consideration,  in  in. 
R  =  crank  length,  in  in. 

1  R.  H.  Thurston.    A  Manual  of  the  Steam  Engine,  p.  103. 
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g  =  acceleration  of  gravity,  in  in.  per  sec,  squared 

CO  =  angular  velocity   =    — ,  where  n   =    r.p.m. 
oU 

IV  =  weight  of  an  inch  len^^th  of  rod,  in  lb. 

The  definition  of  iv  indicates  that  the  rod  is  o'  uniform  section, 
although  it  is  more  common  to  use  a  tapered  connecting  rod  for  hi  ?h 
speeds. 

4  Assump'.ion  b.  In  deriving  [1],  Merriinan-  refers  to  a  figure 
showing  the  crank  at  right  angles  with  the  connecting  rod,  that  is, 
the  piston  has  passed  through  about  44  per  cent  of  the  stroke.  Un- 
win-^  shows  the  crank  at  r  ght  angles  with  the  center  1  ne  of  the  cyl- 
inder, that  is,  at  55  per  cent  stroke.  Neither  authority  offers  any 
proof  of  his  assumption  that  the  maximum  bending  moment  occurs 
at  the  position  indicated. 

5  Assumption  c.     If  x  =  I  V  \  in  [1],  M,  will  have  a  max  mum 

value  of  0.0638  .   Hence  it  is  assumed  that  the  maximum  bend- 

Q 
ing  moment  due  to  the  inertia  forces  is  at  a  section  distant  from  the 
crosshead  p'n  0.6  (more  accurately  0.577)  the  length  of  the  rod. 

6  Assumption  d.  Since  the  inertia  forces  are  usua'ly  regarded  as 
the  sole  cause  of  bending,  the  maximum  section  of  the  rod  is  often 
placed  at  0.6,  the  length  of  the  rod  from  the  crosshead  pin. 

7  Marks*  corrects  [1]  for  horizontal  engines,  by  introducing  the 
bending  moments  due  to  the  static  weight  of  the  rod,  and  thus  finds 

M  =  ^^  ^-  (^^  ^  ~  ^^)  ^  ^^f  ( I  _.  ^\  12] 


Qgl  2     \         I 

The  total  bending  moment,  as  given  by  [2],  will  have  a  maximum 
value  when 

I  RCC^  ^3  i2co2  Vj^CoV      J 

This  shows  that  the  section  of  maximum  bending  moment  will  ap- 
proach a  point  distant  0.577  the  length  of  the  rod  from  the  crosshead 
end  as  the  speed  increases,  and  will  approach  the  middle  of  the  rod 
as  the  speed  and  consequently  the  inertia  forces  diminish. 

2  Mansfield  Merriman.    Mechanics  of  Materials,  p.  257. 

'  W.  C.  Unwin.    Elements  of  Machine  Design,  vol.  2,  p.  105. 

*  W.  D.  Marks.    The  Relative  Proportions  of  the  Steam  Engine,  p.  100. 

'  L.  I..  Willard.    Corliss  Engine  Design.    The  Engineer,  Dec.  1,  190G,  p.  774. 
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8  L.  L.  Willard^  uses  a  graphical  method^ which  enables  him  to 
take  account  orthe  taper  of  the  rod  so  far  as  it  influences  the  bend- 
ing moment  due  to  the  static  weight.  He  assumes  a  rod  of  uniform 
section,  however,  in  calculating  the  bending  moment  due  to  the  iner- 
tia forces  and  the  stress  due  to  buckling  and  compression. 

9  Assumption  e.  The  axial  thrust  on  the  rod  is  taken  as  the  pis- 
ton area,  multiplied  by  the  unit  pressure  upon  it  and  divided  by  cos 
j8,  where  /3  is  the  angle  between  the  connecting  rod  and  the  direction 
of  stroke. 

10  Assumption  f.  In  add'tion  to  assuming,  as  in  all  structures, 
that  the  material  is  homogeneous,  it  is  taken  for  granted  in  the  case 
of  a  connecting  rod  that  the  workmanship  is  perfect,  so  that  the  rod 
may  be  considered  as  a  column  with  no  eccentricity  of  loading. 

11  Assumption  g.  The  maximum  stress  in  the  rod  is  taken  as 
located  at  the  section  of  maximum  bending  moment  and  as  equal  to 
the  sum  of  the  uniform  stress  due  to  the  axial  load,  and  the  maximum 
stress  due  to  the  maximum  bending  moment.    Expressed  as  a  formula 


=  K [3] 


P    ,    M 
A        W 

where 

P  =  axial  load  on  rod,  in  lb. 

A  =  sect  on  of  rod,  in  sq.  in. 

M  =  bending  moment,  in  in.  lb. 

W  =  I/c  =  section  modulus,  in  in.  cubed 

K  =  maximum  stress  in  section,  in  lb.  per  sq.  in. 

12  If  now  we  seek  to  avoid  these  seven  assumptions,  it  soon 
becomes  evident  that  we  must  use  graphical  methods.  The  analy- 
tical method  would  require  a  different  formula  for  each  shape  of  rod, 
and  the  calculations  would  be  too  complicated  to  be  of  practical  value. 
I  have  therefore  devised  a  graphical  method,  and  shall  show  in  the 
following  paragraphs,  that  it  obviates  the  necessity  of  making  the 
seven  as  umptions. 

DISCUSSION  ON  ASSUMPTIONS 

13  In  assumption  a,  since  we  wish  to  avoid  the  assumption  that 
the  rod  is  of  uniform  section,  we  must  discard  [1],  in  place  of  which 
we  need  some  formula  or  other  means  of  finding  the  normal  compo- 
nent of  the  inertia  fo  ce  of  a  material  point,  which  we  will  call  P^- 

14  At  the  crank  end  of  the  rod  the  value  of  P^  will  be 
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-   i2aj2  sin  (a +  /3)=i2w(7  sin  (a +  |3) 

g 

where 

IV  =  we  ght  of  material  point,  in  lb. 
a  =  crank  angle 
^  =  rod  angle 
R  =  crank  length,  in  in. 

C  =  centrifugal  force  of  1  lb.,  1  in.  from  center 
(C  can  be  obtained  from  a  table  or  diagram.) 

15  The  inertia  force  at  the  crosshead  end  may  be  obtained  from 
the  formula 

,  ■     .  hw      10  jj  ^.  .       ,   ,    wR    .,  ,  ,  ^        ^    , 

mertia  io-ce=         =-   /too-A;  =  apprvix.mate.v     -  oj- (I'o-sa  +  Xco^za) 

g      y  ^  g 

where 

b  =  acce  eration,  in  in.  per  sec,  per  sec. 
X  =  ratio  of  crank  to  rod  length 

16  In  a  paper  entitled  Influence  of  the  Connecting  Rod  upon 
Engine  Forces,  Sanford  A.  Moss"  gives  the  more  accurate  formula 


cos  a  + 


cos  2  a  +  sin"^  a 

x/ "''"'", 

and  calls  attention  to  the  typographical  error  in  Unwin's  Elements 
of  Machine  Design'',  of  a  minus  instead  of  a  plus  sign  in  the  numer- 
ator of  the  fraction. 

17     In  Hiitt  ^,  is  the  formula 

,    _    cos  {a  -}-  ^)  X  C3S'  a 

cos  /3  cos^  ^ 

whch  agrees  with  the  exact  formula  of  Unwin.  In  all  these  formulr.e. 
however,  careful  "attention  must  be  paid  to  the  geometrical  signs  of 
the  sines  and  cosines.    There  is  less  chance  of  error  in  the  graphical 

method  shown  by  Autenrieth^.     If  we  introduce  in  place  of  — ,   ts 

«  Trans.  Am.  Soc.  M.  E.,  vol.  26,  p.  375. 

^  W.  C.  Unwin.    Elements  of  Machine  Design,  New  edition,  1902,  p.  117. 

*  Hiitte  des  ingenieurs  Taschenbuch,  Akademischer  Verein  Hiitte,  Berlin,  ed. 
20,  p.  829. 

^  Ed.  Autenrieth.  Beitrag  zur  Bestimmung  der  Tragheitskrafte  einer  Schub- 
stange,  in  Zeitschrift  des  Vereins  deutscher  Ingenieure,  vol.  39, 1895,  p.  716. 


CALCULATING   STRESSES   IN   A    CONNECTING   ROD  1613 

equivalent  C,  we  find  that  P^  at  the  crosshead  end  will  be  equal  to 
wCRk  sin  (3. 

18  We  now  have  equations  for  the  normal  components  of  the  iner- 
tia forces  at  both  ends  of  the  rod  and  may  find  intermediate  values 
by  simple  interpolation  If  h^  is  an  inertia  factor  varying  between 
A;  sin  jS,  and  sin  (a  +  /3),  then  Pu  for  any  point  in  the  rod  may  be 
determined  by  the  formula 

P^  =  wCRK U] 

19  Fig.  la  gives  values  of  h^.  for  a  normal  crank  mechanism  where 
X  =  5.  The  scale  for  h^  curves  shows  distance  of  material  point  from 
crosshead  end  in  per  cent  length  of  rod.  A  plus  sign  on  the  out  stroke 
or  a  minus  sign  on  the  back  stroke  before  h^  shows  that  the  force  is 
acting  upward  in  the  case  of  a  horizontal  engine  running  over. 

20  In  cases  where  \  is  not  equal  to  i,  a  new  diagram  must  be  con- 
structed in  p!ace  of  Fig.  1.  X  sin  a  =  sin  0,  from  which  equation  &  may 
be  calculated,  and  the  percentage  of  stroke  for  any  crank  angle  is 


equal  to  50 


1  1 

1  +  -    -  (cos  «  +  ^    COS  iS) 


21  If  the  cylnder  is  ofTset,  k  may  be  found  graphically,  or  the 
analytical  method  may  be  used  as  described  by  Professor  Phetteplace 
in  his  paper,  Offsetting  Cylinders  in  S  ngle-Acting  Engines^". 

22  By  means  of  Fig.  1  a  or  a  similar  figure  for  the  given  conditions, 
and  [4]  we  may  find  the  value  of  P^  for  each  of  the  material  points  of 
which  it  is  assumed  the  rod  is  composed.  And  since  these  forces  pro- 
duce neither  a  uniform  nor  a  concentrated  loading,  we  may  most  con- 
veniently use  the  graphical  or  string  polygon  method  for  finding  the 
bending  moments  M^. 

23  In  assumption  h,  if  we  use  Fig.  la  and  [4]  instead  of  [l]  to  de- 
termine ikfi,  it  is  evident  that  we  are  no  longer  restricted  to  the  con- 
sideration of  any  particular  part  of  the  stroke,  and  we  may  find  by 
trial  at  which  point  of  the  stroke  ilf  j  attains  its  maximum  value.  Fig. 
la  shows  that  h^  for  the  middle  point  of  the  rod,  or  the  average  value 
of  6n  for  all  points  of  the  rod,  reaches  a  maximum  at  about  38  per  cent 
stroke,  and  this  may  be  taken  as  the  approximate  position  for  maxi- 
mum bending  moment. 

24  In  assumption  c,  the  graphical  method  of  finding  M^  locates 
the  position  as  well  as  the  value  of  the  maximum  bending  moment 
due  to  the  inertia  forces.    The  error  in  assuming  that  the  section  of 

'<•  Trans.,  Am.  Soc.  M.  E.,  vol.'Sl,  p.  223. 
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maximum  bending  moment  is  located  0.6  the  length  of  the  rod  from 
the  crosshead  end  is  not  material,  but  it  leads  to  the  more  serious 
error  of  placing  the  maximum  section  of  the  rod  at  this  point. 

25  In  assumption  d,  in  addition  to  the  bending  moments  due  to 
Pn,  bending  is  caused  by  the  static  weight  of  the  rod,  as  pointed  out 
by  Marks*  and  Willard^  both  of  whom,  however,  use  [l]  to  calculate 
Mi  and  assume  a  horizontal  rod  in  calculating  the  bending  moments 
due  to  the  static  weight,  which  we  will  call  M^.  By  using  the  string 
polygon  method,  with  the  rod  and  forces  drawn  in  their  true  direc- 
tions, and  by  allowing  for  the  taper  of  the  rod  in  calculating  the  weights 
of  the  material  points,  values  of  M^  may  be  found  accurately  and 
without  difficulty.  On  this  account  and  because  with  a  vertical  en- 
gine M^  becomes  negligible,  t  will  not  need  further  consideration. 
If  taken  account  of  in  the  case  of  a  horizontal  engine,  it  should  be 
added  to  M^. 

26  The  main  error  in  the  usual  method  of  calculation  is  in  neglect- 
ing the  bending  moment  due  to  the  axial  load.  The  total  bending 
moment,  M,  is  equal  to  M,  -f-  M^,  where  M^  is  the  bending  moment 
due  to  the  normal  components  of  the  inertia  ^orces,  and  Mf  is  equal 
io  P  {e  -\-  f),  P  being  the  axial  load  on  the  rod,  e  the  eccentricity  of 
loading,  and  /  the  deflection  of  the  rod. 

27  For  the  determination  of  /  it  is  most  convenient  to  use  Mohr's 
graphical  method,  described  in  a  paper  by  Willibald  Trinks  on  The 
Deflection  of  Beams  by  Graphics. ^^  This  method  of  finding  deflec- 
tions consists,  briefly  stated,  in  using  a  mean  corrected  bending  mo- 
ment in  place  of  a  force  in  the  string  polygon  method  of  finding  a 
bending  moment.  The  bending  moments  are  corrected  by  multiply- 
ing by  the  ratio    °,  I^  being  a  constant  moment  of  inertia,  usually  that 

of  the  largest  section  of  the  beam,  and  /  being  the  moment  of  inertia 
of  each  section  where  the  deflection  is  to  be  found. 

28  The  length  from  center  to  center  of  supports  is  divided  into 
a  number  of  equal  parts  and  the  mean  corrected  bending  moment 
found  for  each  part.  These  mean  values  are  then  laid  off  on  a  force 
scale  and  treated  just  as  if  they  were  forces  acting  through  the  centers 
of  the  parts  into  which  the  beam  was  divided.  The  work  of  drawing 
a  string  polygon  is  then  completed,  just  as  when  finding  bending  mo- 
ments by  that  method,  the  only  difference  being  in  the  determination 
and  significance  of  the  pole  distance. 

»  Trans.,  Am.  Soc.  M.  E.,  vol.  24,  p.  116. 
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29  Here  we  may  use  the  formula 

H=^ [51 

ISxni 

where 

H  =  pole  distance 

E  =  modulus  of  elasticity,  in  lb.  per  sq.  in. 

Iq  =  unit  moment  of  inertia,  in  in.  to  the  fourth  power 

q  =  number  of  equal  parts  into  which  beam  is  d'.vided 

I  =  length  of  beam  between  points  of  support,  in  in. 

S  =  sea  e  used  in  plotting  corrected  bending  moments,  being 

the  number  of  in.  lb.  equal  to  1  in. 
m  =  number  of  times  beam  is  reduced  in  s'ze,  in  horizontal 

scale  of  string  polygon,  e.g.,  if  the  scale  is  3  in.  = 

1  ft.,  then  m  =  4 
X  =  number  of  times  deflection  is  to  be  enlarged  on  drawing. 

q  is  selected  according  to  the  degree  of  accuracy  required,  and  *S  is 
determined  by  the  necessity  of  having  the  force  scale  a  reasonable 

length.    Then  it  is  most  convenient  to  calculate  the  value  of  ^r^-  , 

ISm 

after  which  x  may  be  selected  so  as  to  bring  the  value  of  H  as 

desired,  that  is,  about  half  the  length  of  the  force  scale,  taking  care 

that  X  is  of  such  a  value  that  the  deflection  may  be  easily  scaled. 

30  In  assumption  e,  the  axial  thrust  on  the  rod,  P,  is  the  sum  of 
three  quantities.  The  first  is  the  pressure  on  the  piston  divided  by 
cos  13,  the  second]is  the  inertia  force  of  the  purely  reciprocating  parts, 
divided  by  cos  |3,  and  the  third  is  the  axial  component  of  the  inertia 
forces  of  the  rod  itself,  which  we  will  call  P^,. 

31  Values  of  Pa  are  obtained  by  a  method  similar  to  that  shown 
for  finding  P^  in  Par.  22.     At  the  crank  end  of  the  rod 

P^=   ^  Roo''  cos  (a  +  ^)  =  RwC  C(  s  (a  +  /3) 

g 

At  the  crosshead  end  of  the  rod 

Pa  =PwC/cCOS/3 

or  for  any  point  on  the  rod 

Pa  =   RWCK [<j] 

Values  of  6a  are  given  on  Fig.  lb,  the  scale  for  the  6a  curves  showing 
distance  of  material  point  from  crosshead  end,  in  per  cent  of  length  of 
rod.     A  plus  sign  on  the  out  stroke  or  a  minus  sign  on  the  hack  stroke 
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before  6a  shows  that  the  force  is  acting  towards  the  crosshead.  Fig.  2 
shows  the  relative  values  and  direct'ons  of  the  inertia  forces  at  both 
ends  of  the  connecting  rod  when  at  |  and  f  stroke.  Fig.  1  also  con- 
tains a  curve  marked  Fig.  Ic  giving  values  of  cos  /S. 
^32  In  assumption  /,  Moncrieff  ^-  in  his  paper  on  The  Practical  Col- 
umn under  Central  or  Eccentric  Loads  shows  that  an  eccentricity  of 
loading  of  only  a  few\housandths  of  an  inch  has  a  very  marked  influ- 
ence on  the  bending  moment.  As  a  result  of  the  investigation  of  nu- 
merous tests  on  columns,  he  concludes  that  these  tests  could  be  made 
to  harmonize  if  an  eccentricity  offloading  were  assumed  large  enough 


?i-       k<       'i 

Backstroke 
.  -Inertia  Forces  at  H  and  %  of  Out  Stroke. 
—      ..  ..        »         ..         .'  Back    •' 


Fig.  2    Relative  Values  and  Directions  of  Inertia   Forces   at  Both 
Ends  of  the  Connecting  Rod  when  at  j  and  f  Stroke 


to  cover  the  lack  of  homogeneity  of  the  material  as  well  as  defects  in 

C6 

alignment.     He  recommends  taking  a  value  of  0.6  for  the  ratio 

r- 

where  c  is  the  distance  to  the  extreme  fibre,  e  is  the  eccentricity  and 
r  is  the  radius  of  gyration.  This  would  give,  for  circular  sections,  the 
formula 

e  =  0.075  rf [7] 

Moncrieff  does  not  consider  tapered  columns,  but  since  [7]  is  at  best 
only  approximate,  we  may  take  d  equal  to  the  mean  diameter  of  the 
rod. 

33     In  assumption  g,  in  order  to  locate  the  section  of  maximum 
stress  it  is  necessary  to*apply  [3]  to  all  sections  of  the  rod.    It  would 

12  J.  M.  Moncrieir,  Trans.  Am.  Soc.  C.  E.,  vol.  45,  1901,  p.  334-445. 
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be  possible  first  to  find  the  deflections  due  to  the  bending  moments 
Mi,  add  e,  and  take  il/f  equal  to  the  product  of  their  sum  by  P.  From 
the  total  bending  moments,  M  =  Mi  +  M{,  new  deflections  could  be 
found,  and  this  operation  could  be  x  apeated  until  the  deflections  were 
those  due  to  M,  and  no  further  increase  in  deflection  could  be  ob- 
tained- 

34  The  same  result  may  be  obtained  more  quickly  by  using  the 
formula  for  increase  in  deflection  of  a  column  due  to  the  load  P  when 
the  column  has  an  initial  maximum  deflection,  v,  due  to  normal  forces. 
The  formula  is 

Pl^(e-\-^v 


A=   ^ ^-^ [81 

8  ^/  -  ^  PP 
6 

where 

A  =  increase  in  deflection  due  to  load  P 

e  =  eccentricity  of  loading 

V  =  maximum  deflection  due  to  side  forces 

This  formula  is  derived  by  Moncrieff  in  his  paper  ^  and  will  give  ap- 
proximate results  in  our  case  if  I  is  the  moment  of  inertia  of  the  sec- 
tion with  mean  diameter. 

35  If  V  has  been  found  by  Mohr's  method"  and  A  and  e  have 
been  calculated  by  [7]  and  [8],  we  may  find  the  maximum  value  of  il/f 
from  the  formula 

Mf  =  P  (e  +/)    =  P  (e  +  t;  -F  A) [9] 

and  the  maximum  bending  moment  to  be  resisted  will  be 
M  =  il/,  +  Mi. 

P|36  In  cases  where  the  rod  is  not  of  circular  section  it  should  be 
remembered  that  the  bending  moment  in  one  direction  is  ilf ,  +  Mf 
and  in  the  other  direction  simply  M{.    In  any  case  we  may  multiply 

lo 

the  maximum  bending  moment  by  the  ratio  ^  and  assume  the  cor- 
rected bending  moment  thus  obtained  to  be  constant  for  the  whole 
length  of  the  rod,  for  if  the  maximum  stress  is  constant,  the  cor- 
rected bending  moment  must  be  nearly  so.  Starting  with  this  con- 
stant corrected  bending  moment  we  may  proceed  as  before  to  find  the 
true  deflection  by  repetitions  of  Mohr's  method. 

37  For  designing  a  rod  of  uniform  stress  with  a  circular  section 
[3]  may  be  brought  into  a  more  convenient  form 
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'L  +  IL^K 


4  32 

,,    ,    Pd       KTd' 
^  +    8    =     32 


or  jBnally 


^ 


'M  +0-125  dP  r 

0.0982^         • 

Equation  [10]  may  be  solved  simply  by  assuming  the  value  of  d  inside 
the  cube  root  sign  and  recomputing  when  necessary. 

PROPOSED  METHOD  OF  DETERMINING  STRESSES 

38  We  now  have  all  the  formulae  needed  to  determine  the  stresses 
in  an  existing  rod  or  to  design  a  new  rod  with  constant  stress  without 
need  of  the  seven  assumptions  above  stated,  and  I  will  next  summarize 
the  method  to  be  employed  in  each  case. 

39  If  we  omit  the  ends  of  the  rod,  taking  only  the  shaft,  and  di- 
vide it  into  equal  parts  of  not  too  great  length,  we  may  assume  with- 
out appreciable  error  that  the  center  of  gravity  of  each  part  is  at  the 
center  of  the  part.  This  is  of  great  convenience  because  it  makes  the 
lines  of  force  coincide  with  the  lines  at  the  center  of  each  of  the  strips 
used  in  finding  deflections  graphically.  If  the  lines  of  force  are  taken 
through  the  actual  centers  of  gravity  of  the  material  parts,  it  should 
be  especially  observed  that  the  strips  used  in  finding  deflections 
must  be  equal,  since  otherwise  [5]  does  not  apply. 

40  After  finding  the  weight  of  each  part  of  the  rod,  we  must  find 
values  of  P^  from  [4]  with  the  help  of  Fig.  la.  We  find  graphically 
the  bending  moments  caused  by  the  forces  P^  and  from  these  values 
of  Mi  we  find  the  deflections  of  the  rod  by  Mohr's  method",  using 
[5]  to  find  the  pole  distance.  The  maximum  deflection  thus  found  will 
be  the  value  of  v  to  be  used  in  [8]  together  with  the  value  of  e  from  [7]. 
Equation  9  now  gives  the  first  trial  value  of  the  maximum  bending 
moment  due  to  buckling,  and  adding  the  maximum  value  of  il/j  already 

obtained  graphically  and  multiplying  by    °  for  the  middle  of  the  rod, 

we  have  a  trial  value  of  the  corrected  bending  moment,  which  is  to  be 
taken  as  constant  for  the  whole  length  of  the  rod.  Using  this  constant 
bending  moment,  we  obtain  new  deflections  by  Mohr's  method,  but 
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these  deflections  are  now  values  of  /  in  [9]  instead  of  their  maximum 
being  the  value  of  v  in  [8].  We  now  proceed  as  before  to  find  Mi,  M 
Mh 
I 

be  obtained.  The  final  values  of  M  are  then  used  in  [3]  to  find  K, 
the  maximum  stress  at  each  section. 

41  If  we  wish  to  design  a  rod  that  shall  have  a  uniform  stress,  we 
may  either  start  with  a  constant  corrected  bending  moment  or  assume 
at  first  that  the  deflections  are  the  same  as  found  for  an  assumed  rod. 

M  is  then  found  as  before,  but  instead  of  multiplying  by  j   we  must 

Pd 

add  ^ ,  divide  by  0.0982  K  and  extract  the  cube  root  in  order  to  find 

o 

new  values  of  d  by  [10].    From  these  new  values  of  d  we  get    °  and 

MI 
then and  are  ready  to  repeat  Mohr's  method  to  get  new  values 

of  /  and  thus  of  M.  When  final  values  of  M  have  been  obtained  by 
success' ve  repetitions  of  the  process,  the  value  of  K  as  obtained  from 
[3]  should  be  constant  and  equal  to  the  value  of  K  assumed  in  [10]. 

NUMERICAL  EXAMPLES  OF  APPLICATION  OF  THE  METHOD 

42  The  proposed  method  may  become  clearer  from  the  three  fol- 
lowing numerical  examples.  We  will  assume  a  vertical  gas  engine 
with  a  16  in.  piston,  12  in.  crank,  5  ft.  rod,  and  a  maximum  explosion 
pressure  of  400  lb.  per  sq.  in.  which  may  occur  at  any  point  of  the 
stroke.  As  will  appear  later,  the  axial  thrust  in  rod  due  to  inertia 
forces  is  small,  so  that  P  is  practically  equal  to  the  maximum  pressure 
on  piston,  or  say  P  =  80,000  lb. 

43  Problem  1  is  to  find  the  stresses  in  an  assumed  rod  of  uniform 
taper,  3f  in.  in  diameter  at  the  crosshead  end,  and  3f  in.  in  diameter 
at  the  crank  end,  neglecting  the  weight  of  the  rod  ends.  The  numer- 
ical work  is  shown  in  Table  1. 

44  Fig.  3  shows  the  graphical  work  of  all  three  problems,  with 
the  various  operations  numbered.  At  the  right  may  be  seen  the  force 
scales,  with  only  one  horizontal  ray  drawn  to  locate  the  pole.  At 
the  top,  in  the  form  of  inverted  arches,  are  shown  a  few  corrected 
bending  moment  diagrams.  These  are  not  absolutely  necessary, 
unless  the  lines  of  force  do  not  coincide  with  the  center  lines  of  the 
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TABLE  1    NUMERICAL  WORK  FOR  PROBLEM  NO.  1 
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strips  used  in  finding  deflections,  but  it  is  convenient  to  plot  them 
in  order  readily  to  see  the  changes  of  corrected  bending  moment 
with  successive  repetitions  of  Mohr's  method.  At  the  bottom  of 
Fig.  3  is  drawTi  the  rod  as  assumed  for  problem  1,  and  as  calculated 
in  problem  2.  The  main  part  of  the  figure  is  covered  with  string 
polygons  used  in  finding  ilf ,,  v,  and  /. 

45  With  i^  =  12  in.  and  a  speed  of  225  r.p.m.,  C  =  1.4386,  and 
by  [4],  Pn  =  17.26  wh^,  values  of  Pn  being  given  in  column  4  of  Table 
1. 

46  Graphical  operation  No.  1  gives  the  bending  moments  due  to 
inertia  forces,  by  the  simple  string  polygon  method,  using  the  loads 
given  in  column  4.    From  the  assumed  diameters  of  the  rod  we  must 

next  get  the  ratios  -^'  in  order  to  correct  these  bending  moments  by 

Mohr's  method,"  in  graphical  operation  No.  2,  from  which  we  get 
the  deflections  of  co  umn  10.  The  maximum  value,  0.0198  in.,  is 
equal  to  v,  and  we  may  now  find  by  [8] 


80,000  X  (60)2 
A  = 


0.075  X  3.5  +(  -  X  0.0198 


=  0.C525in. 


(8  X  30,000,000  X  7.37)  -  |  X  80,000  X  (60) ^ 

By  [7] 

e  =  0.075  X  3.5  =  0.2625  in. 

and  thus  by  [9j 

Mi  =  80.000  (0.2625  +  0.0198  +  0.0525)  =  26,800  in.  lb. 

and  adding  the  maximum  value  of  iVf,  from  column  5  we  get  M  = 
38,540.     But  for  the  mean  diameter  of  3.5  in. 

T  ~  7.37  "  ^•^^'^ 

so  that  our  corrected  bending  moment  is  equal  to 

38,540  X  1.133  =  43,700 

47  This  value  is  assumed  constant,  that  is,  the  corrected  bending 
moment  diagram  would  be  a  straight  line  if  shown  in  Fig.  3.  Thus 
the  distances  laid  off  on  the  force  scale,  in  operation  No.  3,  are  equals 
and  give  deflections  as  shown  in  column  11.  Adding  the  value  of 
e,  already  found,  we  get  /  +  e  of  column  12,  from  which  Mf,  in 
column  13,  is  found  by  [9].  Column  13  and  all  subsequent  bending 
moments  in  Table  1  are  expressed  in  hundreds  of  in.  lb. 
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48     Having  now  both  M^  and  Mf,  their  sum  multipUed  by  the 

ratio  ~Y  gives  the  new  corrected  bending  moments  of  column  15,  and 

these  are  used  in  operation  No.  4  to  obtain  new  deflections.  Repeat- 
ing in  columns  17  to  20  the  same  calculations  as  in  columns  12  to 
15  we  again  return  to  our  graphical  method  in  operation  No.  5  to 

TABLE  2    NUMERICAL  WORK  FOR  PROBLEM  NO.  2 
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TABLE  2— Continued 
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1.000 

208 

0.112 

0.469 

188 

209 

18.47 

217 

11.20 

187 

40400 

65 

447 

113.8 

4.84 

26.9 

1.012 

207 

0.103 

0.460 

184 

205 

18.40 

217 

11.13 

184 

40100 

75 

434 

110.5 

4.80 

26.1 

1.042 

202 

0.085 

0.442 

177 

195 

18.10 

221 

10.86 

180 

40100 

85 

416 

105.7 

4.73 

24.6 

1.106 

198 

0.057 

0.414 

166 

179 

17.57 

228 

10.39 

172 

40000 

95 

389 

99.0 

4.63 

22.6 

1.203 

189 

0.022 

0.379 

152 

157 

16.84 

238 

9.74 

161 

39900 

100 

370 

94.0 

4.55 

21.6 

1.296 

185 

0.357 

143 

143 

16.26 

246 

»a 

155 

40100 

get  deflections  of  column  21.    Similarly  columns  22  to  24  give  cor- 
rected values  of  columns  17  to  19. 

49     It  is  now  seen  that  further  repetition  would  not  materially 
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change  the  result,  and  taking  the  values  of  M  in  column  24  as  final, 
we  may  proceed  to  find  K  by  [3].  It  is  seen  that  the  greatest  stress 
is  at  45  per  cent  the  length  of  the  rod  from  the  crosshead  end,  not 
at  60  per  cent  as  usually  assumed. 

50  Problem  No.  2  is  to  design  a  rod  for  the  same  engine  as  in 
problem  No.  1,  so  that  there  shall  be  a  uniform  stress  of  40,000  lb. 
per  sq.  in.  under  a  load  of  400,000  lb.,  that  is,  with  P  five  times  as 
great  as  previously  assumed.  For  a  starting  point  we  may  take  Mj, 
V  and  e  from  problem  No.  1.    Then  by  [8] 

400,000  X  3600  X  0.279 =  0  707  ' 

(30,000,000  X  8  X  7.37)  -  (g  X  400,000  X  3600 

This  high  value  of  a  would  indicate  that  our  assumed  rod  is  too 
small,  since,  as  a  rough  rule,  a  column  may  be  considered  as  no 

longer  serving  its  purpose  when  the  deflection  is  greater  than  tt^ 

which,  in  our  case,  would  be  equal  to  0.6  in.    By  [9] 

Mi  =  400,000  (0.2625  +  0.0198  +  0.707)  =  396,000  in.  lb. 

To  this  we  add  M^,  giving  M  =  407,740,  and  from  this,  multiplying 
by  1.133,  the  corrected  bending  moment  is  equal  to  462,000. 

51  In  problem  No.  1,  graphical  operation  No.  2,  we  had  by  [5] 

30,000,000  X  8.34  X  10  ^  . 

60  X  10,000  X  200  X  4  '      '"'' 

In  operations  Nos.  3  to  5  we  kept  this  value  for  H  by  changing  aS  from 
10,000  to  40,000  and  x  from  200  to  50.  Similarly,  we  may  now  in 
problem  No.  2  change  S  to  400,000  in.  lb.  =  1  in.  and  change  x  to 
5,  and  we  shall  still  have  H  =  5.21  in. 

52  By  operation  No.  6,  using  the  constant  corrected  bending 
moment  of  462,000  in.  lb.,  we  get  the  deflections  as  given  in  column 
2  of  Table  2.  Taking  the  same  value  of  e  as  in  problem  No.  1,  we 
get  /  +  e  in  column  3,  which  multiplied  by  P  gives  values  of  M^ 

Pd  Pd  Mh 

in  column  4.     Values  ilff,    M,    „,  M -\-    ^^     and  -—    in  Table  2, 

are  expressed  in  thousands  of  inch  pounds.  We  then  add  values 
of  M,  and  get  values  of  M  in  column  5. 

53'  Taking  values  for  d  inside  the  cube  root  sign,  in  [10],  from 
column  6  of  Table  1,  we  get  new  values  of  d  as  shown  in  colunm 
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Fig.  3    Graphical  Work  of  Problems  1,  2  and  3 
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/  MI 

9,  and  from  these,  new  values  of  /,    —   and  -.     We  are  now  ready 

to  get,  by  operation  No.  7,  the  new  deflections  shown  in  column  13. 
In  operations  Nos.  6,  7,  8,  9  and  12,  values  of  H  are  proportiona  to 
/o  and  are  respectively  5.21,  5.30,  3.94,  3.42  and  3.40.  In  this 
respect  problem  No.  2  is  unlike  problem  No.  1  where  H  is  constant. 
It  should  also  be  noticed  that  e  is  variable,  since  the  value  of  d  in 
[7]  changes  with  each  repetition  of  IMohr's  method. 

54  Columns  14  to  23  carry  out  the  same  computation  as  column 
3  to  12  and,  after  obtaining  bj^  operation  No.  8  the  deflections  of 
column  21,  we  repeat  in  co'umns  25  to  34  the  same  computation. 
Operation  No.  9  now  shows  deflections  so  nearly  the  same  as  those 
previousl}^  obtained  that  further  repetition  of  the  same  line  of  ca  cu- 
lations  seems  unnecessary. 

55  We  have  thus  far  constantly  used  values  of  M^  from  column 
5  of  Table  1,  and  must  now  eliminate  this  source  of  error  by 
finding  new  values  derived  from  the  weight  of  a  rod  with  diameters 
as  given  in  column  31.  Weights  thus  obtained  are  given  in  column 
37. 

56  We  have  assumed  that  the  maximum  bending  moment  due 
to  inertia  forces  will  be  caused  when  the  piston  has  traveled  38  per 
cent  of  the  stroke,  while  according  to  the  usual  assumption  the 
piston  would  have  traveled  about  44  per  cent.  Reading  from  Fig. 
1  values  of  h^  for  44  per  cent  stroke  and  taking  values  for  38  per 
cent  stroke  as  already  found,  we  find  values  of  P^  from  [3]  in  columns 
40  and  41.  This  gives  us  finall}^,  by  operations  Nos.  10  and  11, 
values  of  J/,  at  38  per  cent  stroke  in  column  42,  and  at  44  per  cent 
stroke  in  column  43.  It  will  be  seen  that  while  the  differences  are 
not  large,  values  in  column  42  are  somewhat  larger  than  those  in 
column  43,  and  we  maj^  therefore  continue  to  assume  that  the  maxi- 
mum bending  moment  occurs  at  38  per  cent  stroke.  The  exact  posi- 
tion for  the  maximum  bending  moment  will  evidently  depend  upon 
the  distribution  of  weight  in  the  rod. 

57  AVe  are  now  ready  to  run  through  our  computation  m  columns 
44  to  53,  similar  to  columns  25  to  34,  using  the  new  values  of  M^  of 
column  42  to  add  to  J/f  in  column  45. 

58  Graphical  operation  No.  12  gives  deflections  of  column  54 
and  these  are  so  nearly  the  same  as  those  in  column  35  that  we  may 
take  them  as  final.  Adding  e,  multiplying  by  P  and  adding  M^,  we 
get  our  final  bending  moments  in  column  57.  From  our  final  diame- 
ters in  column  50  we  get  A  and  W,  and  then  K  may  be  found  by  [3]. 
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The  stresses  in  columns  59  and  61  are  expressed  in  hundredths  of 
pound  per  sq.  in.,  and  their  sum,  in  column  62,  should  be  40,000. 
This  does  not,  however,  serve  as  a  check  on  the  graphical  work. 

59  For  a  comparison  with  the  usual  methods  we  may  calculate 
the  maximum  diameter  of  a  connecting  rod,  for  the  conditions  of  prob- 
lem No.  2,  by  the  formulae  given  in  Kent.^^     Since  P  =  80,000  lb. 

D^V=  \|—  =  319 

^        TV 

Using  these  values  and  that  of  /  =  5  ft.  we  may  obtain  the  following 
table 

No.  of  formula...!    3      1    5      |    6      |  7  >     ^      j  10 

Diain.  ofrod,in...l  5.80  1  5.70  i  3.81  '    6.48  and  3.94    !  8.47  |   6.48  and  6.82 

Since  neither  factors  of  safety  nor  maximum  stresses  are  stated  with 
these  formulae  it  is  difficult  to  make  a  choice  between  them. 

60  In  the  German  handbook  Hiitte^^  may  be  found  the  formula 


SP 

where  S  is  the  factor  of  safety  against  buckling,  for  which  a  value  of 
25  is  given,  and  E  is  the  modulus  of  elasticity.  Taking  *S  =  25  and 
E  =  30,000,000,  the  formula  reduces  in  English  units,  for  a  rod  of 
circular  section,  to 

592,000 
where 

d  '=  maximum  diameter  of  rod  at  center,  in  in. 
P  =  axial  thrust  on  rod,  in  lb. 
I    =    length  of  rod,   in  in. 

This  gives  for  our  case,  d  =  4.70  in.  which  happens  to  be  the  average 
of  the  diameter  at  the  end  and  at  the  middle  as  found  by  the  graphical 
method. 

61  The  maximum  stress  in  this  rod  is  however  much  less,  as  found 
by  the  usual  analytical  method  than  as  found  graphically.  Using 
the  formula  given  in  paragraph  5,   assumption  c, 

1'  Win.  Kent.    Mechanical  Engineers  Pocket  Book,  p.  800. 
"  rititto  des  ingenieurs  Taschenbuch,  Akademischer  Verien  Hutte,  Berlin, 
ed.  20,  p.  838. 
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M,  maximum  =  0.0638 

g 

we  find  the  maximum  bending  moment  to  be  19,550  in.  lb.  Assum- 
ing that  the  rod  has  a  diameter  of  4.70  in.  at  the  point  of  maximum 
bending  moment,  the  maximum  stress,  according  to  [3]  would  be 

400,000    ,    19,550        „  .  ^„^  ,, 

T7^+    ^(^=  24,900  lb.  per  sq.m. 

62  That  the  stresses  found  by  the  graphical  method,  and  given 
in  column  62  of  Table  2,  are  so  much  greater  is  mainly  due  to  the 
introduction  of  an  eccentricity  of  loading.  If  e  =  0,  then,  as- 
sum  ng  the  deflections  to  remain  as  given  n  column  54 

Mi  =  400,000  X  0.112  =  44,800  in.  lb. 

Adding  M,  =  21,400  from  column  42,  we  get  M  =  66,200  from  which 

66,200 
the  maximum  stress  due  to  bending  would  be  "TV  c,7)    =  5920  lb. 

per  sq.  in.  which  would  be  a  great  reduction  from  the  value  o  18,700 
given  in  column  61.     If  we  omit  Mf  entirely,  ilf  becomes  equal  to 

21,400 
Mi  and  the  maximum  stress  due  to  bending  is  equal  to    -,\1^   = 

1910  lb.  per  sq.  in.  or  practically  the  same  as  found  analytically. 

63  Problem  No.  3  is  to  find  the  stresses  in  the  rod  calculated  in 
problem  No.  2,  when  P  =  80,000  lb.  The  method  is  similar  to  that 
used  in  problem  No.  1,  but  we  may  simplify  it  somewhat  by  starting 
with  the  deflections  as  found  for  problem  No.  2,  instead  of  calculat- 
ing A  from  V  as  before.  The  numerical  work  is  shown  in  Table  3, 
in  which  all  bending  moments  are  expressed  in  hundreds  of  inch 
pounds.  The  graphical  work  is  shown  in  Fig.  3,^operat'ons  Nos.  13 
and  14, 

64  Columns  17  and  18  of  Table  3  are  used  in -checking  our 
assumption  that  P  =  80,000  lb.  We  have  assumed  that  the  piston 
has  made  38  per  cent  stroke,  and  that  the  pressure  upon  it  is  80,424 
lb.  Then  in  column  17  we  have  values  of  6a  from  Fig  lb  and  from 
[6],  the  axial  component  of  the  inertia  forces  is  equal  to 

Pa  =   17.26  wb. 

Taking  weights  from  column  37  of  Table  2,  we  get  values  of  P^ 
in  column  18,  "and  the  sum  of  this  column  is  810.5  lb.  The  inertia 
force  of  the  piston  weighing  700  lb.  will  be 
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700  X  17.26  X  0.168  =  2030  lb. 
acting  against  the  pressure  on  the  piston.     Then  P  will  be  equal  to 
80,424  -  2030 


0.982 


810  =  79,100  lb. 


where  we  have  assumed  the  value  to  be  80,000. 

65     It  should  be  noticed  that,  in  the  case  of  a  column  or  connect- 
ing rod,  the  maximum  stress  is  not  directly  proportional  to  the  load 

TABLE  3    NUMERICAL  WORK  FOR  PROBLEM  NO.  3 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
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^ 
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^ 

9 
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^ 

<? 
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s 

g 

g 

t~ 

1^ 

o 

c1 

6 

0 

0 
+ 

0 

6 

X 

0 

0 
+ 

0 

a 

6 

6 

5 

3: 

111 

3} 

II  X 

+ 

"1 

X 

CO 

5>H 

B 
1 
I. 

to 

t 

II 
+ 

X 

+ 

h 

0 

i 
+ 

X 

+ 

•A 

•I- 

■I- 

3: 
■J 

0 
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■J 

Q 

;§ 

:? 

P 

•<-. 

;§ 

^ 

« 

"^ 

S 

^ 

^1^ 

^Ife: 

^ 

.^ 

ft. 

0 

286 

286 

370 

0.357 

286 

286 

370 

0.357 

286 

286 

4920 

3090 

8010 

0.168 

5 

304 

333 

408 

0.006 

0.363 

291 

320 

392 

0.005 

0.362 

290 

319 

4790 

3320 

8110 

0.166 

81.3 

15 

332 

414 

472 

0.015 

0.372 

298 

380 

433 

0.013 

0.370 

296 

378 

4610 

3710 

8320 

0.164 

82.5 

25 

354 

486 

515 

0.023 

0.380 

304 

436 

462 

0.020 

0.377 

302 

434 

4460 

4060 

8520 

0.161 

84.7 

35 

368 

540 

554 

0.028 

0.385 

308 

480 

492 

0.025 

0.382 

306 

478 

4380 

4340 

8720 

0.159 

85.5 

45 

376 

577 

577 

0.030 

0.387 

310 

511 

511 

0.027 

0.384 

SO- 

508 

4330 

4540 

8870 

0.156 

85.0 

55 

376 

590 

590 

0.031 

0.388 

311 

525 

525 

0.027 

0.384 

SO? 

521 

4330 

4640 

8970 

0.154 

83.9 

65 

368 

577 

584 

0.028 

0.385 

308 

517 

523 

0.025 

0.382 

306 

515 

4350 

4630 

8980 

0.151 

81.8 

75 

354 

536 

558 

0.023 

0.380 

304 

486 

505 

0.022 

0.379 

303 

485 

4420 

4470 

8890 

0.149 

79.2 

85 

332 

463 

510 

0.016 

0.373 

429 

474 

0.014 

0.371 

297 

428 

4560 

4120 

8680 

0.146 

75.3 

95 

304 

357 

429 

0.006 

0.363 

291 

344 

413 

0.005 

0.362 

290 

343 

4750 

3520 

8270 

0.144 

71.3 

100 

286 

286 

370 

0.357 

286 

286 

370 

0.357 

286 

286 

4930 

3090 

8010 

0.143 

P.  Thus  it  we  assume  in  problem  No.  2  that  the  ult  mate  streng  h  of 
the  material  is  80,000  lb.  per  sq.  in.,  we  can  not  say  that  the  factor 
of  safety  is  10  although  a  stress  of  40,000  lb.  per  sq.  in.  would  be 
obtained  with  a  load  five  times  the  actual  maximum  load.  In  prob- 
lem No.  3  the  maximum  stress  was  found  to  be  8980,  and  hence  the 
factor  of  safety  would  be 


80,000 
8980 


.90 


66     It  has  been  assumed  in  the  problems  that  the  rod  ends  had  no 
weight,  or  what  is  the  same  thing,  that  their  inertia  forces  acted 
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directly  on  the  pins  and  so  brought  no  stress  upon  the  shaft  of  the 
rod.  That  there  may  be  considerable  error  in  this  assumption  is 
pointed  out  by  Bach^^  in  his  conclusion  that  the  resultant  of  all 
the  inertia  forces  of  the  rod,  including  the  ends,  may  pass  through 
the  crank  pin,  or  in  he  case  of  a  rod  with  a  very  heavy  crank  end, 
may  fall  beyond  the  pin. 

67  This  assumption  is,  however,  not  a  necessary  part  of  the 
method  here  proposed,  since  all  equations,  with  the  exception  of 
[7]  and  [10],  apply  to  a  rod  of  any  section.  If  we  wish  we  may  calcu- 
late the  necessary  diameters  of  a  rod  of  full  length  to  include  the  ends, 
and  then  make  the  end  sections  of  the  same  area  and  sect  on  modulus. 

68  The  method  of  calculation  described  in  this  paper  furnishes 
a  means  of  find  ng  the  stress  or  the  factor  of  safety  at  any  point  of 
a  connecting  rod.  The  usual  assumptions  are  avoided,  the  only 
assumption  necessary  being  in  regard  to  the  proper  value  of  e  to 
allow  for  lack  of  homogeneity  of  material  as  well  as  actual  eccen- 
tric ty  o  loading.  It  is  evident  that  the  greater  the  eccentricity 
assumed,  the  smaller  will  be  the  factor  of  safety  required. 

1^  C.  Bach.    Die  Maschinen-Elemente,  p.  774. 
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By  Wilfred  Lewis,  Philadelphia,  Pa. 
Member  of  the  Society 

This  paper  was  prepared  at  the  request  of  the  Meetings  Committee 
of  The  American  Society  of  Mechanical  Engineers  as  the  contribu- 
tion to  the  discussion  upon  the  need  of  a  standard  or  standards  for 
gears  to  be  considered  at  the  Joint  Meeting  with  the  Institution  of 
Mechanical  Engineers  in  July  1910.  Byway  of  explanation,  it  may  be 
said  that  its  author  is  chairman  of  a  committee  on  Standards  for 
Involute  Gears,  appointed  about  a  year  ago  by  the  president  of  The 
American  Society  of  Mechanical  Engineers  to  investigate  the  subject  of 
interchangeable  involute  gearing,  and  to  recommend,  if  found  desir- 
able, a  standard  or  standards.  This  paper,  however,  is  not  to  be 
considered  as  an  expression  of  the  opinions  of  the  other  members 
of  the  committee,  except  where  so  stated. 

2  After  more  or  less  unsatisfactory  experience  with  cycloidal 
gearing,  I  investigated  about  twenty-five  years  ago  the  subject  of 
involute  gearing  with  the  object  of  determining  upon  a  system,  for 
the  firm  of  Wm.  Sellers  &  Company ,with  which  I  was  then  connected. 
The  conditions  imposed  called  for  a  system  applicable  to  any  number 
of  teeth  between  a  12-tooth  pinion  and  a  rack,  without  change  in 
the  Sellers  addendum  which  had  always  been  made  0.3-pitch  for  the 
cycloidal  teeth,  hitherto  used  almost  exclusively  by  them. 

3  I  found  that  the  involute  forms  then  in  vogue  were  confined  to 
obliquities  of  14|  deg.  and  15  deg.  with  an  addendum  equal  to  the 
modulus,  or  about  0.32-pitch.  This  long  addendum  with  such  small 
obliquities  naturally  gave  rise  to  interference  between  racks  and 
pinions  of  less  than  30  teeth,  and  rather  than  modify  the  involute 
form  I  finally  recommended  the  adoption  of  a  pressure  angle  of  20 
deg.  At  the  same  time,  I  was  well  aware  of  the  fact  that  even  this 
obliquity  was  not  sufficient  to  prevent  interference  between  a  12- 

Presented  at  the  Birmingham,  England,  Meeting  (July  1910)  of  The  Ameri- 
can Society  of  Mechanical  Engineers  and  The  Institution  of  Mechanical 
Engineers. 
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toothed  pinion  and  a  rack,  but  for  such  pinions  and  the  gears  of  60 
teeth  or  less,  with  which  they  commonly  engaged,  I  believed  the  inter- 
ference would  not  be  noticeable  in  practice.  I  was  strongly  tempted  to 
go  further  and  fix  upon  an  obliquity  of  22^  deg.,  but  20  deg.  then 
appeared  such  a  radical  departure  from  common  usage  that  the  advan- 
tages of  the  greater  angle  were  dismissed  as  being  possibly  more  theo- 
retical than  real. 

4  The  20-deg.  system  with  an  addendum  of  0.3-pitch  has  now  been 
in  use  by  Wm.  Sellers  &  Company  for  twenty-five  years  and  has  given 
satisfaction  in  a  general  way,  although  the  interference  referred  to  has 
been  more  or  less  noticeable  on  12-toothed  pinions.  I  reviewed  this 
matter  ten  years  ago  in  a  paper  read  before  the  Engineers'  Club  of 
Philadelphia,  advocating  an  obliquity  of  22^  deg.  and  suggesting  as  a 
much-needed  reform  in  engineering  practice  the  consideration  of 
uniformity  in  interchangeable  gearing.  I  then  pointed  to  the  action 
of  the  Franklin  Institute  more  than  thirty  years  earlier,  which  inau- 
gurated a  standard  system  of  screw  threads  and  expressed  the  hope 
that  by  the  interchange  of  opinions  an  agreement  among  engineers 
might  be  reached  leading  to  the  gradual  disappearance  of  needless 
diversity  in  the  forms  of  gear  teeth. 

5  Nothing  in  this  direction  had  been  done  hovvever,  when  the 
subject  of  interchangeable  involute  gear-tooth  systems  was  brought 
to  the  attention  of  The  American  Society  of  Mechanical  Engineers  in 
a  paper  by  Ralph  E.  Flanders  presented  in  December  1908.  A  num- 
ber of  systems  in  general  use  were  analyzed  and  their  merits  discussed 
from  various  points  of  view  and  the  desire  expressed  that  the  Council 
be  petitioned  to  appoint  a  committee  to  investigate  the  subject  of 
interchangeable  involute  gearing  and,  if  found  desirable,  to  recom- 
mend a  standard  or  standards. 

6  In  answer  to  this  petition  the  Council  voted  in  January  1909, 
that  the  President  appoint  a  committee  of  five  members  to  formulate 
standards  for  invo'ute  gears  and  present  the  same  to  the  Council. 
Without  anticipating  in  any  way  the  conclusions  of  this  committee 
yet  to  be  formulated,  if  indeed  an  agreement  be  possible,  I  believe  it 
will  be  helpful  to  give  publicity  to  the  line  of  investigation  upon 
which  we  have  embarked  and  thus  obtain  the  benefit  of  such  criti- 
cism or  encouragement  as  it  may  provoke. 

7  At  the  first  meeting  of  the  committee  in  June  1909,  it  was 
decided  to  obtain  an  expression  of  opinion  from  the  manufacturers 
of  gears  and  gear  cutters  and  later  in  October  the  following  circular 
letter  was  sent  out: 
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Dear  Sir: 

A  committee  of  The  American  Society  of  Mechanical  Engineers  has  been 
appointed  to  consider  the  subject  of  standards  for  interchangeable  involute 
gears,  and  would  like  to  have  as  much  light  upon  the  subject  as  can  be  given 
them  by  the  manufacturers. 

Without  limiting  in  any  way  the  type  of  gears  to  be  used  for  any  special  ser- 
vice, it  is  believed  to  be  desirable  that  some  type  should  be  known  as  standard 
so  that  any  gears  of  that  standard  may  run  together  and  be  perfectly  inter- 
changeable. 

The  committee  is,  therefore,  interested  to  know  the  extent  to  which  involute 
gears  are  modified  in  your  practice  to  avoid  interference,  and  it  would  be 
pleased  to  have  your  ideas  as  to  what,  in  your  opinion,  should  constitute  stand- 
ard interchangeable  involute  gears.  Any  suggestion  you  may  be  pleased  to 
offer  will  be  very  much  appreciated. 

Yours  truly, 
Wilfred  Lewis,  Chairman  1 

Hugo  Bilgram  Committee  on  Standards 

E.  R.  Fellows  \  for  Involute  Gears 

C.  R.  Gabriel 
Gaetano  Lanza 

8  In  response  to  the  circular  letter  above  referred  to,  about  one 
hundred  answers  were  received,  expressing  more  or  less  interest  in 
the  subject  and  giving  more  or  less  conflicting  preferences  and  con- 
clusions. 

9  One  correspondent  said  he  would  hail  with  delight  any  system 
whereby  complete  interchangeability  could  be  attained  on  gears 
running  without  noise  up  to  1000  ft.  a  minute,  as  among  automobile 
manufacturers  noiseless  gearing  was  always  the  chief  end  in  view. 

10  It  is  undoubtedly  true,  as  pointed  out  by  other  correspondents, 
that  perfect  cutters  do  not  necessarily  produce  perfect  gears  and  that 
close  attention  must  be  paid  to  the  setting  of  the  cutter,  proper  index- 
ing, speed,  feed,  etc.,  and  from  the  extent  to  which  the  present  14|- 
deg.  system  is  established,  it  has  been  argued  that  even  if  the  pres- 
sure angle  oi  14|-deg.  were  not  the  most  desirable,  it  would  be  better 
for  the  sake  of  the  established  practice  to  let  it  alone.  Quite  a  num- 
ber share  this  opinion  and  argue  against  the  recommendation  of  a 
standard  which  may  simply  add  another  system  to  those  already  in 
use. 

11  It  may  be  said  in  reply  that  the  chief  advantages  of  involute 
gearing  over  cycloidal  gearing  which  it  has  pretty  generally  displaced 
are  the  comparative  simplicity  of  the  involute  curve  and  a  slight 
variation  in  center  distances  not  permissible  in  any  other  system  of 
gearing.     Despite  the  difficulty  of  securing  general  recognition  for 
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any  system  of  interchangeable  gearing,  I  believe  the  committee  should 
investigate  and  report  upon  some  ideal  standard  or  standards. 

12  Attention  is  called  by  a  number  of  correspondents  to  the 
increasing  number  of  gears  cut  by  the  bobbing  process  and  the  diffi- 
culty of  making  such  gears  interchangeable  with  certain  cut  gears, 
thus  indicating  the  bobbing  principle  as  the  first  principle  to  which 
all  cutters  should  conform,  the  rack  being  the  basis  of  all  generated 
gears,  it  is  admitted  that  hobbed  gears  can  be  used  interchange- 
ably with  gears  cut  by  certain  other  processes,  but  some  doubt 
is  expressed  of  the  possibility  of  realizing  an  interchangeable  system 
using  pinions  with  a  small  number  of  teeth  and  teeth  of  reasonable 
length  without  resorting  to  some  modification  of  the  involute 
curve.  The  opinion  is  freely  expressed  that  if  such  modification 
becomes  necessary  the  method  should  be  known  and  clearly 
defined,  so  that  makers  of  gears  can  adopt  it  and,  if  necessary,  make 
their  own  cutters. 

13  As  pointed  out  in  Mr.  Flanders'  paper  and  as  mentioned  repeat- 
edly by  our  correspondents,  the  most  desirable  quality  in  gearing 
and  the  one  by  which  it  is  almost  universally  judged,  is  quietness  and 
smoothness  of  running.  Next  to  this  come  strength,  durability 
and  permanence  oi  form,  and  upon  the  last,  of  course,  depend  con- 
tinued quietness  and  smoothness  of  action.  Friction  and  journal 
pressure  are  of  less  importance,  but  still  worth  considering,  and 
before  reaching  any  conclusions  from  theoretical  considerations 
alone,  we  propose  to  determine  if  possible,  in  a  practical  way,  the 
relative  advantages  of  some  of  the  sy  stems  in  common  use  and,  with 
these,  other  systems  to  which  we  are  disposed  to  give  favorable  con- 
sideration. 

14  It  is  understood  that  the  Institution  would  be  pleased  to  have 
the  cooperation  of  the  Society  in  the  work  they  have  in  hand  looking 
to  a  determination  of  the  friction  in  the  transmission  ol  power  by 
gearing.  In  this  connection  we  have  been  reminded  of  a  sugges- 
tion of  Prof.  J.  Burkitt  Webb  of  Stevens  Institute  of  Technology 
made  soon  after  the  publication  of  the  Sellers'  experiments  upon  gears 
reported  to  our  Society  in  1885.  In  these  experiments  an  attempt 
was  made  to  measure  the  friction  loss  between  the  teeth  of  a  pair 
of  spur  gears,  but  the  apparatus  used,  made  originally  for  testing 
the  friction  of  worm  gearing,  was  not  delicate  enough  for  the  purpose 
and  the  errors  introduced  exceeded,  in  some  cases,  the  net  result. 

15  Professor  Webb  then  suggested  the  possibilitj^  of  so  dividing 
one  of  the  pair  of  spur  gears  to  be  tested  as  to  make  the  load  on  the 
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teeth  self-contained.  The  apparatus  which  we  have  designed  embod- 
ies this  idea,  thus  making  it  possible  to  run  gears  under  heavy  loads 
at  high  speeds  with  a  very  small  consumption  of  power.  We  have 
also  provided  in  our  apparatus  for  an  adjustment  of  center  distance 
and  means  to  measure  the  thrust  between  centers  while  the  gears  are 
running.  Of  course,  the  thrust  between  centers  can  be  estimated 
very  closely  for  involute  gears  from  the  pressure  angle  on  the  teeth, 
but  we  anticipate  results  somewhat  in  excess  of  this  on  account  of 
the  excess  in  friction  of  approach  over  that  of  recess,  and,  it  any  but 
involute  gears  are  tested,  it  will  also  be  interesting  to  compute  from 
experimental  data  the  effective  obliquities  of  other  systems. 

16  We  propose  to  determine  the  friction  loss  under  various 
speeds  and  pressures  for  wheels  and  pinions  cut  to  the  Brown  and 
Sharps  14^-deg.  standard,  the  20-deg.  stub  tooth  and  a  22^-deg.  tooth 
with  addendum  of  |  module  or  about  0.278  pitch.  These  gears  will 
be  tested  at  normal  center  distance,  and  also  at  distances  about  1 
per  cent  or  2  per  cent  of  the  pitch  greater  or  less  than  this,  and  an 
effort  will  be  made  to  record  graphically  the  noise  produced  under 
these  different  conditions. 

17  We  believe  that  accuracy  and  permanence  of  form  can  thus  be 
given  their  proper  influence  on  the  reduction  of  noise.  It  may  take 
some  time  to  determine  the  effect  of  wear,  but  from  the  method  of 
loading  the  teeth  and  the  small  amount  of  power  consumed  some 
indication  of  the  tendency  of  wear  can  be  obtained.  All  gears  tend 
to  wear  out  of  shape,  and  involute  gears  more  so  than  cycloidal, 
but  we  recognize  as  a  possibility  that  this  tendency  may  be  checked 
by  the  deformation  itself  and  also  that  the  loss  in  friction  at  different 
parts  of  a  gear  tooth  is  practically  incalculable  on  account  ot  the 
variations  in  friction  for  different  velocities  of  sliding. 

18  The  experiments  we  propose  should  therefore  give  informa- 
tion unobtainable  in  any  other  way  and  throw  a  flood  of  light  on  the 
problem  in  hand. 

19  As  it  is  quite  impossible  for  any  of  the  committee,  who  are 
all  busy  men,  to  make  the  experiments  here  outlined,  we  have  been 
fortunate  enough  to  interest,  through  the  intervention  ot  Professor 
Lanza  of  the  Massachusetts  Institute  of  Technology,  two  of  his 
undergraduates,  Messrs.  Green  and  Doble,  in  making  these  experi- 
ments the  subject  matter  for  a  graduating  thesis.  Professor  Lanza 
hoped  to  have  the  wo/k  completed  in  June  so  that  the  results  might  be 
communicated  for  discussion  at  our  Joint  Meeting  in  July  but  this 
has  proved  impossible,  partly  because  of  the  magnitude  of  the  under- 
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taking  and  partly  of  the  delay  in  the  completion  of  the  testing  ma- 
chine. 

20  The  apparatus  used  in  making  these  experiments  is  shown  by 
the  photographs,  Fig.  1  and  Fig.  2,  and  the  line  drawing,  Fig.  3,  which 
gives  some  of  the  principal  dimensions  and  shows  the  knife  edges'  on 
which  the  machine  rests.  The  machine  consists  of  a  frame  A  designed 
to  carry  a  pinion  shaft  in  roller  bearings  at  one  end,  and  a  frame  B 
pivoted  to  it  and  designed  to  carry  the  gear  wheels  W  engaging  with 
a  wide-faced  pinion  P  on  the  pinion  shaft.    The  frame  B  is  held  to  the 


Fig.  1      Gear  Testing  Machine 

frame  A  at  its  outer  end  by  an  adjustable  clamping  bolt  C,  and  pro- 
vision is  made  to  measure  the  thrust  on  centers  by  means  of  the  spring 
D  acting  between  the  frame  A  and  an  adjustable  abutment  on  the 
frame  B.  The  gear  wheels  to  be  tested  consist  of  a  central  gear  with  a 
wide  face  and  two  side  gears  with  narrow  faces.  The  central  gear  car- 
ries two  heavy  cross  pins  G,  which  pass  through  clearance  holes  in  the 
side  gears,  and  the  side  gears  carry  two  heavy  pins  H,  which  pass 
through  clearance  holes  in  the  central  gear.    Between  the  projecting 
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ends  of  these  pins  G  and  H,  heavy  helical  springs  S  are  inserted,  upon 
which  pressure  can  be  apphed  by  means  of  the  set  screws  K. 

21  The  pressure  of  these  four  springs  S  is  resisted  by  the  gear 
teeth,  the  middle  gear  pressing  against  one  side  of  the  pinion  teeth 
and  the  side  gears  pressing  against  the  other  side.  The  pinion  thus 
becomes  simultaneously  a  driver  and  a  driven  gear  and  the  power 
required  to  turn  it  when  loaded  in  this  way  is  only  that  required 
to  overcome  the  friction  of  the  teeth  and  whatever  resistance  there 
may  be  in  the  gear  journals.     The  latter  presumably  is  very  small 


Fig.  2      View  showing  arrangement  of  Pivoted  Frame  and  Spring  for 
Measuring  Thrust 


indeed,  but  provision  has  been  made  to  measure  it  by  substituting 
plain  cylinders  without  teeth  for  the  gears  and  pinion,  and  running 
these  under  the  same  journal  pressures.  By  deducting  the  resistance 
due  to  journals  from  the  total  resistance  with  running  gears,  the 
friction  of  the  teeth  alone  can  be  determined. 

22  In  operation  this  machine  is  driven  by  an  extension  to  the 
pinion  shaft,  carried  to  bearings  several  feet  distant  to  permit  of 
ample  flexibility.     The  knife  edge  directly  beneath  the  pinion  rests 
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upon  a  permanent  support,  and  the  other  knife  edge  is  carried  upon 
the  platform  of  a  small  platform  scales.  The  driving  moment  in 
the  pinion  shaft  will  therefore  be  measured  by  the  scale  reading  at 
the  end  of  an  arm  20  in.  long,  and  by  reversing  the  direction  of  motion 
given  to  the  pinion  shaft  the  effect  of  any  initial  lateral  strain  in  the 
driving  shaft  can  be  eliminated. 

23     Fig.  4  illustrates  three  types  of  gearing  to  be  tested  by  Messrs. 
Green  and  Doble,  and  with  these  other  types  may  be  included  later 


Fig.  3     Diagram  of  Gear  Testing  Machine 


24  Figs.  5,  6  and  7  illustrate  a  group  of  involute  gears  designed 
by  Mr.  Bilgram  to  engage  a  rack  of  15-deg.  obliquity,  and  to  demon- 
strate the  possibility  of  using  pinions  ot  ten  or  even  nine  teeth  with 
such  a  rack,  provided  the  addendum  can  be  varied.  Without  wishing 
to  advocate  the  use  of  a  variable  addendum  in  interchangeable  gear- 
ing, it  is  interesting  to  note  the  possibility  of  making  a  tentative  solu- 
tion of  the  problem  in  this  way.    A  set  of  these  gears  has  kindly  been 
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furnished  by  Mr.  Bilgram  for  making  a  comparative  test.  He  has 
also  made  a  set  of  models,  from  which  the  figures  have  been  photo- 
graphed, and  referring  to  them,  he  gives  the  following  explanation: 

25     "While  the  involute  system  of  gearing  has  decided  advantages 
over  any  other,  it  has  the  one  disadvantage  that  the  faces  of  the 
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Fia  4    Gear  Types  Tested  in  the  Machine 


teeth  of  wheels  come  into  interference  with  the  flanks  of  pinions,  if 
the  latter  have  a  comparatively  small  number  of  teeth.  Unless  the 
flanks  of  the  latter  are  undercut,  the  teeth  will  interlock  or  at  least 
mesh  improperly. 

26     "In  making  a  single  pair  of  wheels,  a  remedy  can  readily  be 
applied.     There  are  two  ways  in  which  interference  can  be  avoided. 
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namely  either  by  increasing  the  angle  of  pressure  or  by  shortening 
the  addendum  of  the  wheel.  If  the  latter  method  is  chosen  and  it 
is  desired  not  to  reduce  the  working  depth  of  the  teeth,  it  is  necessary 
to  add  to  the  addendum  of  the  pinion  the  amount  taken  trom  the 
addendum  of  the  wheel. 

27  "This  latter  method  is  out  of  the  question  when  the  problem 
is  given  to  make  an  interchangeable  set  of  spur  wheels  trom  a  rack 
down  to  a  12-tooth  pinion.  This  problem  may  be  solved  by  a  com- 
bination oi  both  remedies  alhided  to." 


Fig.  5     Bilgram  System:   Pinion   with  Undercut  Teeth 

28  The  method  consists  of  making  racks  and  larger  wheels  with 
normal  addendum,  but  increasing  the  addendum  of  pinions  just 
enough  to  prevent  the  rack  tooth  from  interfering  with  the  flank. 
The  samples  presented  (Figs.  5  to  7)  consist  of  a  rack  R  and  a  36-tooth 
wheel  W,  with  angle  of  pressure  of  15  deg.  and  addendum  equal  to 
the  modulus.  The  12-tooth  pinion  A,  generated  by  a  rack,  corre- 
sponding to  rack  R,  shows  the  undercutting  thereby  produced.  Ob- 
viously this  pinion  will  not  work,  as  so  much  of  the  involute  is  cut 
away  that  the  path  of  contact  is  materially  less  than  one  pitch. 
But  there  arc  also  shown  pinions  of  twelve,  ten  and  nine  teeth,  made 
with  increased  addenda.     These  were  generated  by  a  rack  like  R, 
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Fig.   6     Bilgram  System:  Pinions   with   Increased  Addenda  in  Mesh 
WITH  Gear 


Fig.  7      Bilgram  System:  Pinions  with  Increased  Addenda  in  Mesh 
WITH  Rack 


1642  INTERCHANGEABLE   INVOLUTE   GEARING 

but  with  a  somewhat  greater  addendum  than  that  used  in  generating 
the  wheel  W  and  a  somewhat  greater  cutting  depth.  If  these  pinions 
are  then  mated  with  wheels  of  a  large  number  of  teeth,  they  will 
not  enter  as  far  as  with  pinions  of  equal  number  of  teeth  and  have 
therefore  a  slightly  less  working  depth. 

29  On  this  plan  may  be  based  a  system  of  involute  gearing  with 
a  working  depth  of  twice  the  modulus,  and  with  a  moderate  pressure 
angle,  15  deg.  in  the  samples  submitted.  Pinions  of  a  small  number 
of  teeth  will  have  an  increased  addendum,  but  a  theoretically  correct 
action  is  maintained.  The  pinion  teeth  have  a  wide  base  and  are 
strong.  One  disadvantage  in  those  cases  in  which  pinions  with  less 
than  about  24  teeth  are  embraced,  is  that  the  center  distance  is 
greater  than  that  computed  by  the  usual  rule  from  the  modulus 
and  the  number  of  teeth  of  the  meshing  wheels.  Moreover,  pinions 
will  not  have  the  full  working  depth  when  meshing  with  large  wheels 
or  with  racks,  but  even  in  the  case  of  a  10-tooth  pinion  meshing  with 
a  rack,  the  path  oi  contact  exceeds  one  pitch  so  that  at  least  for  a 
portion  of  the  action  two  teeth  will  be  in  contact  simultaneously. 

30  The  plan  proposed  by  Mr.  Fellows  is  to  use  an  involute  with 
an  angle  of  pressure  of  20  deg.  and  to  reduce  the  addendum  to  f  of 
the  modulus.  Such  teeth  are  known  as  "stub  teeth".  By  this  method 
interference  in  case  of  a  rack  gearing  with  a  12-tooth  pinion  is  just 
avoided  and  in  the  case  of  two  12-tooth  pinions  meshing  with  each 
other  the  path  of  contact  is  equal  to  about  1|  of  the  pitch. 

31  Mr.  Gabriel  prefers  the  14|-deg.  standard  of  the  Brown  and 
Sharpe  Manufacturing  Company  and  he  has  prepared  a  contribution 
to  the  discussion  expressing  his  views  on  the  subject. 

32  The  system  which  1  propose  is  that  of  a  pressure  angle  of 
22|  deg.  and  an  addendum  of  1  of  the  modulus. 

33  I  believe  that  an  interchangeable  system  of  involute  gear- 
ing, to  be  of  the  greatest  value,  should  extend  from  a  12-tooth  pinion 
to  a  rack,  and  in  the  selection  of  gears  to  be  tested  we  have  chosen  a 
12-tooth  pinion  engaging  a  60-tooth  wheel.  The  maximum  reduc- 
tion with  the  maximum  strength  in  a  hmited  space  is  the  problem 
in  gearing  that  generally  confronts  the  engineer  and  a  ratio  of  five 
to  one  is  very  often  as  much  as  he  can  realize  without  sacrificing  too 
much  strength.  I  recognize,  ot  course,  that  the  adoption  of  a 
larger  number  of  teeth  in  the  smallest  allowable  pinion  overcomes 
some  difficulties,  and  that  this  may  be  a  debatable  point,  but  I 
do  not  think  any  system  of  interchangeable  gearing  will  be  satisfac- 
tory which  does  not  include  pinions  of  twelve  teeth.     The  cycloidal 
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system  formerly  employed  was  based  upon  a  12-tooth  pinion,  and  I 
believe  this  number  can  be  retained  for  the  smallest  number  in  an 
interchangeable  involute  system  without  serious  objection.  That  is, 
there  is  better  ground  for  the  retention  of  this  minimum  number  than 
for  a  higher  number  and  when  the  pros  and  cons  have  all  been  summed 
up  there  will  be  no  change  in  this  well-established  minimum  for  inter- 
changeable pinions. 

34  Although  the  experiments  made  under  the  direction  of  Pro- 
fessor Lanza  are  not  by  any  means  conclusive,  enough  has  .been  done 
to  indicate  that  the  friction  loss  in  gear  teeth  is  influenced  to  a  greater 
extent  by  the  length  of  the  addendum  than  by  the  obliquity  of  the 
system.  Theoretically,  the  friction  loss  in  involute  teeth  is  indepen- 
dent of  the  obliquity  and  increases  with  the  addendum.  The  loss  in 
journal  friction  should  vary  as  the  secant  of  the  pressure  angle,  but 
the  latter  is  also  affected  by  the  dead  weight  on  journals  which  even 
with  plain  bearings  is  a  small  matter,  while  with  ball  or  roller  bearings, 
it  is  a  very  trifling  consideration  indeed. 

35  I  believe  therefore  that  a  pressure  angle  of  22|  deg.  can  be 
adopted  without  fear  of  reduced  efficiency  in  the  transmission  of 
power;  that  an  addendum  of  |  module  will  give  an  ample  arc  of 
action  for  all  combinations  of  gears  between  a  12-toothed  pinion  and 
a  rack,  and  that  true  involute  forms  made  to  these  constants  will 
avoid  the  necessity  for  any  empirical  modifications  and  give  results 
comparable  with  the  best  now  obtained  by  such  means. 

TOOTH  GEARING 

By  J.  D.  Steven,!  Assoc.  Mem.  I.  M.  E. 
ABSTRACT  OF  PAPER 
A  paper  upon  Tooth-Gearing  was  also  presented  at  the  same 
meeting  bj^  J.  D.  Steven,  copies  of  which  have  been  sent  to  the 
members  of  the  Society.  In  this  paper  different  methods  of  cutting 
gears  were  discussed  and  different  systems  of  tooth  design  were 
compared,  with  the  conclusion  that  conditions  have  so  radically 
changed  during  the  past  two  years  that  there  is  every  reason  to 
consider  the  question  with  an  open  mind.  If  a  new  form  of  tooth 
is  desirable,  he  believed  that  a  stub  tooth  with  20-deg.  pressure  angle 
would  be  a  change  in  the  right  direction,  because  it  can  be  used  in 
its  true  form  down  to  12  teeth;  it  is  a  stronger  form  and  is  most 
commonly  used;  and  a  large  proportion  of  its  face  does  useful  work. 

*  Messrs.  E.  G.  Wrigley  and  Co.,  Soho,  Birmingham,  Eng. 
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DISCUSSION 

Below  is  given  the  discussion  presented  at  the  meeting  on  the  papers  by 
Messrs.  Lewis  and  Steven.  This  discussion  will  remain  open  until  Novem- 
ber 1  and  additional  contributions  or  comments  are  solicited  from  those 
interested. 

P.  V.  Vernoni  said  he  was  present  at  the  meeting  as  a  patient 
and  not  as  a  doctor.  He  was  connected  with  a  firm  of  machine-tool 
makers,  which  had  made  many  long  and  costly  experiments  with  a 
view  of  determining,  not  what  he  might  call  academic  points  in  the 
design  of  gearing,  but  for  the  purpose  of  obtaining  a  system  of  gears 
that  would  run  silently  at  high  speeds.  His  object  in  speaking  was  to 
ask  that  something  might  be  done  to  discover  the  points  that  would 
give  silence  in  gears,  as  until  gears  could  be  obtained  which  ran  silently 
the  question  of  making  them  interchangeable  could  hardly  be  pro- 
fitably considered.  The  results  of  the  experiments  which  his  firm 
had  made  had  been  very  small  in  the  way  of  positive  knowledge,  but 
they  had  been  very  great  negatively  in  the  way  of  teaching  them  how 
very  little  anybody  really  knew  about  gearing.  Among  the  negative 
results  were  the  following :  In  the  first  place,  it  appeared  that  there 
was  no  general  agreement  among  engineers  or  gear  makers  as  to  the 
best  angle  of  pressure  to  use;  there  was  no  general  agreement  as  to  the 
proportions  of  gear  teeth  which  were  the  best  for  quiet  running; 
there  was  no  reliable  information  on  the  strength  of  cut  teeth  made 
by  modern  methods  in  various  materials  and  running  at  various 
speeds;  there  was  no  reliable  information  at  present  available  on 
the  effect  of  different  materials  on  the  strength,  the  noise,  and  the 
wear  of  gear  teeth.  It  appeared,  in  fact,  exceedingly  doubtful  whether 
it  was  possible  to  make  an  interchangeable  system  of  gear  teeth  at 
all  for  quiet  running. 

2  Previous  speakers  had  stated  that  the  involute  system  was 
imperfect;  engineers  knew  that  the  epicycloidal  system  was  dead; 
and  the  results  of  the  experiments  which  his  own  firm  and  others 
had  made  had  proved  that  involute  teeth  did  not  give  a  quiet  gear; 
that  epicycloidal  teeth  did  not  give  a  quiet  gear;  that  hobbed  gears 
were  not  quiet,  and  that  planed  gears  were  not  quiet.  But  there  was 
one  kind  of  gear  which  was  quieter  than  all  those,  namely,  the  gear 
with  "faked"  teeth.  It  now  was  well  known  that  the  gears  which 
gave  the  quietest  results  in  running  were  those  on  which  an  empirical 

^Mcm.I.M.E.,  Messrs.  Alfred  Herbert,  Coventry,  Eng. 
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correction  of  the  tooth  form  had  been  made,  and  so  far  as  he  knew  the 
means  by  which  that  correction  was  made  were  kept  secret,  and  were 
in  the  hands  of  one  leading  American  firm,  of  which  a  representative 
was  present  at  that  meeting.  When  Ralph  E.  Flanders  read  his  paper 
before  the  American  society  in  December  1908,  this  same  representa- 
tive of  that  firm  practically  admitted  that  the  only  way  to  get  quiet 
gears  was  to  make  an  empirical  correction  on  an  experimental  basis, 
and  that  the  best  thing  for  gear  users  to  do  was  to  trust  to  the  experi- 
ence of  that  firm,  which  he  (Mr.  Vernon)  supposed  meant  to  buy 
their  cutters  from  them.  He  spoke  at  that  meeting  as  a  member  of 
both  the  Institution  of  Mechanical  Engineers  and  of  The  American 
Society  of  Mechanical  Engineers,  and  wished  to  say  that  although 
the  greatest  credit  was  due  to  that  firm  for  having  made  their  investi- 
gations and  experiments,  it  was  ilot  to  the  interest  of  gear  users  in 
America  and  in  England  that  that  knowledge  should  continue  to  re- 
main in  their  hands  alone.  He  hoped  the  remarks  he  had  made  would 
do  good  by  bringing  the  committee  of  The  American  Society  of  Me- 
chanical Engineers,  who  were  considering  gear  questions,  into  touch 
with  the  committee  of  the  Institution  of  Mechanical  Engineers,  so 
that  investigations  might  be  started  with  a  view  to  ascertaining  what 
were  the  corrections  which  needed  to  be  made  to  ensure  quiet  tooth 
action,  and  so  that  such  information,  when  obtained,  could  be  placed 
in  the  hands  of  gear  users  in  both  countries. 

C.  R.  Gabriel.  This  discussion  was  prepared  at  the  request  of  the 
Meetings  Committee  of  The  American  Society  of  Mechanical  En- 
gineers as  a  contribution  upon  standards  for  gears,  and  is  submitted 
as  a  personal  opinion,  rather  than  a  report,  as  the  findings  of  the  com- 
mittee up  to  date  have  not  established  definite  conclusions. 

2  As  stated,  the  committee  received  in  reply  to  its  circular  letter, 
a  large  number  of  answers,  but  few  contained  comparative  data  and 
were  largely  expressions  of  theories  or  opinions,  such  as  most  engineers 
have  advanced  in  explanation  of  the  difficulties  arising  from  improp- 
erly cut  and  noisy  gears.  The  expression  "improperly  cut"  is  used 
advisedly,  as  from  an  experience  covering  a  long  period  of  years  the 
writer  believes  that  nine-tenths  of  all  the  trouble  with  noisy  gears 
can  be  attributed  to  improper  cutting. 

3  As  regards  the  adoption  of  a  standard,  the  opinion  of  the  writer 
is  that  the  present  so-called  Brown  and  Sharpe  standard  will  hold  its 
own  against  any  system  for  the  general  run  of  machinery;  and  that 
for  many  of  the  cases  where  special  cutters  or  forms  of  teeth  are  used, 
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the  benefits  of  such  modifications  are  more  imaginary  than  real.  The 
answer  to  the  difficulties  arising  where  high  speed,  durability  and  effi- 
ciency are  required,  will  be  found  in  the  substitution  of  better  mate- 
rial and  better  methods  of  treating  in  the  hardening  process. 

4  The  present  system  is  called  by  some  an  empirical  one,  but  any 
carefully-worked  out  system  will  be  so,  as  practice  shows  that  decid- 
edly better  results  are  obtained  by  certain  modifications  of  the  theo- 
retical tooth  form.  Teeth  having  an  increase  of  pressure-angle  and 
reduction  of  addenda  to  prevent  undercutting  on  12-tooth  pinions 
would  be  subject  to  the  same  modifications  which  would  put  them  in 
the  empirical  class,  and  any  manufacturer  of  cutters  would  undoubt- 
edly strive  to  improve  his  cutters  regardless  of  whether  they  were 
strictly  in  accordance  with  theory. 

5  The  opinion  is  expressed  that  if  such  modifications  are  neces- 
sary, the  methods  should  be  known  and  clearly  defined,  so  that  mak- 
ers of  gears  can  use  them  and  make  their  own  cutters,  if  necessary. 
The  advantages  to  the  gear  manufacturer  of  making  his  o^vn  cutters 
are  not  apparent  to  the  writer,  as  the  difficulties  attending  the  mak- 
ing of  form  cutters  would  prove  expensive  in  comparison  with  the  con- 
venience of  using  commercial  stock  cutters  produced  by  reliable  cut- 
ter manufacturers. 

6  Attention  has  been  called  to  the  increasing  number  of  gears  cut 
by  the  bobbing  process,  and  the  difficulty  of  making  such  gears  inter- 
change with  certain  cut  gears,  thus  demonstrating  that  the  bobbing 
principle  is  the  one  to  which  all  cutters  should  conform.  This  seems 
misleading,  as  the  fact  is  not  mentioned  that  this  process  has  its  limi- 
tations. It  must  not  be  overlooked  that  one  great  disadvantage 
arises  from  the  difficulty  experienced  in  producing  accurate  hobs. 

7  The  method  of  producing  gear  teeth  by  the  shaping  process  has 
also  been  actively  exploited,  and  the  committee's  attention  has  been 
called  to  the  fact  that  it  is  an  incidental  feature  of  this  process  that 
the  regular  standard  14|-deg.  cutters  (on  account  of  the  side  strain 
involved)  are  less  durable  than  the  usual  form  of  revolving  cutter, 
especially  under  rapid  production  requirements,  and  in  tough  mate- 
rial. The  proposed  20-deg.  pressure  angle  stub  tooth  materially  in- 
creases the  strength  of  the  reciprocating  gear-shaper  cutter.  The 
writer  also  calls  attention  to  the  fact  that  the  stub-tooth  system  would 
greatly  reduce  the  difficulties  in  producing  the  hobs  for  the  bobbing 
process  referred  to  above,  and  believes  the  committee  should  be  very 
conservative  in  its  recommendations,  particularly  where  they  appear 
to  favor  some  method  or  methods  of  producing  gear  teeth. 
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8  As  regards  the  forms  of  teeth  referred  to  in  the  paper  as  sub- 
mitted by  the  other  members  of  the  committee,  Mr.  Fellows  proposes 
to  use  an  involute  with  20-deg.  pressure  angle,  and  an  addendum  of 
I  of  the  modulus.  Mr.  Lewis  proposes  an  involute  with  22^-deg. 
pressure  angle,  and  an  addendum  of  |  of  the  modulus.  Both  of  these 
systems  are  subject  to  criticism  for  general  adoption,  (a)  because  of 
increased  angular  back-lash,  as  compared  with  the  present  14|-deg. 
standard  for  a  like  amount  of  wear;  (6)  decrease  of  addendum  which 
is  decidedly  objectionable  on  the  smaller  pitches,  as  the  liability  of 
error  in  depth  of  tooth  and  center  distance  of  shafts  remains  a  con- 
stant for  all  pitches  and  sizes  of  gears,  and  the  present  height  is  none 
too  great,  being  increased  for  these  reasons  for  some  purposes. 

9  £  Further,  it  is  claimed  for  the  stub-tooth  system  that  the  arc  of 
contact  is  equal  to  that  of  the  14|-deg.  Brown  and  Sharpe  standard, 
and  that  consequently  the  excess  of  tooth  height  in  the  standard  sys- 
tem produces  unnecessary  friction  and  wear,  which  is  eliminated  in 
the  stub-tooth  system.  The  fact  is  not  mentioned  that  in  the  Brown 
and  Sharpe  system  the  height  of  tooth  permits  of  being  eased  off 
towards  the  point,  with  the  result  that  it  causes  no  friction  if  the  in- 
tegrity of  the  tooth  form  is  maintained,  but  as  wear  cannot  be  entirely 
eliminated  this  easing  of  the  points  of  the  teeth  allows  the  engaging 
teeth  to  come  into  action  without  shock,  thus  reducing  noise  and  the 
dynamic  action  which  tends  to  destroy  the  gears  by  the  contacting  of 
the  teeth  and  is  similar  to  hammer  blows.  Also,  in  practice  the  stand- 
ard length  of  tooth  will  conjugate  itself  with  its  mating  gear,  with  the 
result  that  more  than  one  set  of  teeth  take  the  load.  This  may  pro- 
duce extra  friction,  as  claimed,  but  with  properly  lubricated  gears 
this  is  a  negligible  quantity,  as  the  unit  stresses  are  divided  over  more 
than  one  set  of  teeth.  The  stub  tooth  has  greater  strength,  but,  for 
the  reason  cited  above,  does  not  prove  as  satisfactory  for  all-round 
service. 

10  In  this  connection,  the  writer  wishes  to  refer  to  the  situation 
in  motor  gears  used  in  street-car  service.  From  personal  observation 
he  has  seen  stub-tooth  gears  where  this  dynamic  action  seemed  to 
have  broken  down  the  structure  of  the  steel  to  such  an  extent  that  it 
came  off  in  splinters  where  the  points  of  the  teeth  seemed  to  have  bit- 
ten the  material  away.  The  best  results  the  writer  has  seen  in  this 
class  of  work  are  where  gears  and  pinions  have  been  cut  to  the 
Brown  and  Sharpe  system  and  carbonized  and  case-hardened,  with 
the  result  that  after  a  year's  use  there  was  only  glazing  of  the  con- 
tact surfaces. 
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11  As  to  the  matter  of  testing,  the  committee  are  united  on  its 
desirabihty,  but  the  writer  does  not  believe  that  anything  definite 
or  conclusive  can  be  obtained  from  testing  a  few  pairs  of  gears.  The 
tests  should  cover  a  large  number  of  gears  of  more  than  one  pitch 
and  of  several  different  ratios  of  teeth.  These  tests  should  be  so  ex- 
haustive as  to  leave  no  opportunity  for  engineers  to  feel  that  any- 
thing has  been  assumed.  This  means  great  expense  and  much  time, 
and  the  writer  would  recommend  that  the  cooperation  of  all  interested 
parties  be  secured,  that  a  fund  be  raised  for  the  purpose  of  employing 
competent  engineers  to  conduct  exhaustive  tests  with  suitable  appa- 
ratus, and  that  all  available  materials  be  used,  so  that  the  differences 
of  opinion  as  to  the  efficiency  of  the  various  systems  in  use  may  be  set 
at  rest  as  far  as  possible.  Also  this  should  establish  reliable  data  for 
proportions  of  gears  of  the  various  materials,  now  mainly  a  matter  of 
judgment  with  the  designing  engineer,  from  which  more  gear  failures 
result  than  from  any  fault  of  the  system  of  teeth  used. 

12  To  sum  up  the  situation,  the  writer  believes  that  where  the 
limits  of  an  interchangeable  system  are  from  a  12-tooth  pinion  to  a 
rack,  the  present  system  is  superior  to  any  which  are  primarily  based 
on  the  generating  principle,  in  which  the  pressure  angle  and  tooth 
parts  are  proportioned  to  facihtate  the  methods  of  producing  and 
strengthening  the  cutting  tools,  rather  than  to  improve  the  inter- 
changeability  or  more  quiet  running  of  the  gears,  as  that  is  a  fact 
still  to  be  demonstrated.  The  circular  letter  sent  out  by  the  committee 
brought  out  the  information  from  one  concern  that  it  had  experi- 
mented exhaustively  with  the  bobbing  system  for  a  long  time,  with 
various  tooth  forms,  but  had  gone  back  to  the  Brown  and  Sharpe 
standard,  for  which  they  had  now  worked  out  a  most  satisfactory 
method  of  making  the  hobs.  This  is  another  example  of  the  working 
out  of  an  empirical  system,  and  any  satisfactory  system  covering  the 
range  stipulated,  which,  as  before  stated,  must  be  an  empirical  one, 
had  best  be  left  to  responsible  cutter  manufacturers  whose  methods 
combine  the  theoretical  with  the  practical.  The  present  Brown  and 
Sharpe  system  has  proved  itself  eminently  satisfactory  for  many 
years,  and  without  most  thorough  investigation  should  not  be  given 
a  place  second  to  any  other.  Also  the  introduction  of  an  alternative 
standard  or  standards  is  to  be  deprecated  on  the  ground  of  causing 
confusion  and  economic  waste,  due  to  the  increased  stock  of  cutters 
required  for  use  on  all  types  of  machines. 

13  In  conclusion,  the  writer  wishes  to  refer  to  the  point  raised  in 
some  of  the  replies  to  the  committee's  letter,  that  the  question  of 
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standardizing  gearing  is  of  the  same  nature  as  screw-thread  standard- 
ization, and  can  be  treated  in  the  same  way.  Without  referring  to  the 
conclusions  reached  by  the  Committee  on  Screw  Threads,  the  deliber- 
ations of  which  consumed  several  years,  the  writer  fails  to  see  wherein 
the  problems  set  forth  by  the  two  subjects  can  be  compared.  The 
screw-thread  situation  was  one  to  be  settled  by  common  consent  of 
all  concerned,  while  the  problem  of  gearing  is  one  that  is  worthy  the 
life  work  of  any  engineer,  and  involves  much  of  the  higher  mathemat- 
ics of  engineering,  as  well  as  a  thorough  knowledge  of  applied  kine- 
matics. The  fact  that  such  a  comparison  has  been  made  by  some 
writers  on  the  subject,  only  serves  to  show  an  utter  lack  of  apprecia- 
tion of  the  magnitude  of  the  problem  set  before  the  committee  for  its 
consideration  and  recommendation  to  the  Society. 

Luther  D.  Burlingame  said  he  appreciated  all  Mr.  Vernon  had 
said  with  regard  to  their  policy  at  the  Brown  and  Sharpe  works,  but 
he  thought  the  point  which  had  been  raised  was  very  well  answered 
by  the  communication  of  Mr.  Gabriel  to  which  the  members  had 
just  listened.  Speaking  for  a  manufacturer,  at  whose  works  for  more 
than  sixty  years  an  extensive  business  in  making  gears  and  gear-cut- 
ters had  been  done,  and  which  had  had  to  deal  with  all  phases  of  the 
gear  question  and  meet  the  varying  requirements  of  customers  dur- 
ing those  years,  he  could  say  they  were  not  surprised  that  the  differ- 
ent members  of  the  committee  of  The  American  Society  of  Mechan- 
ical Engineers  were  not  unanimous  as  to  any  plan  which  would  bring 
about  a  change  from  the  present  standard.  The  thought  seemed  to 
be  uppermost  in  the  minds  of  those  proposing  a  change  that  a  stand- 
ard should  be  adopted  having  a  true  involute  for  the  entire  length  of 
the  tooth,  even  if  sacrifices  in  other  directions  must  be  made  to  accom- 
pUsh  that  result.  He  believed  the  advantage,  if  any,  of  having  the 
entire  tooth  a  true  involute  was  less  than  they  would  be  led  to  believe 
by  those  advocating  a  change;  indeed  it  was  a  matter  yet  to  be  demon- 
strated that  the  practical  advantages  of  the  form  of  tooth  now  in 
common  use  would  not  more  than  outweigh  any  theoretical  advan- 
tages of  a  tooth  wholly  involute.  The  fact  that  the  special  require- 
ments at  the  present  time  were  for  teeth  varying  both  ways  from  the 
present  standard  would  indicate  that  they  now  had  a  good  average  to 
meet  ordinary  working  conditions.  Their  experience  went  to  show 
that  for  quiet  running  for  a  possible  variation  in  center  distance  and 
to  avoid  back-lash,  a  small  pressure-angle  and  long  teeth  were  of  ad- 
vantage, while  for  cases  in  which  strength  was  the  prime  considera- 
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tion,  even  at  the  sacrifice  of  other  advantages,  the  greater  pressure 
angle  and  shorter  teeth  had  their  field  of  usefulness.  Those  varying 
needs  were  illustrated  in  automobile  practice,  where  in  some  makes 
the  cam-shaft  gears  were  made  with  a  small  pressure  angle  and  long 
teeth,  while  the  driving  gear  was  made  with  a  larger  pressure  angle 
and  shorter  teeth,  in  each  case  for  the  reasons  he  had  previously  re- 
ferred to.  That  strength  in  the  latter  case  was  secured  at  some  sac- 
rifice was  indicated  by  the  illustration  used  by  Mr.  Gabriel  in  his  com- 
munication, where  he  spoke  of  the  injurious  effects  of  the  hammer- 
blow  action  when  ''stub-tooth"  gears  were  used  in  street-car  service. 
The  same  destructive  action  had  been  noticed  in  stub-tooth  gears  used 
for  automobile  service.  An  engineer  who  had  for  many  years  made  a 
specialty  of  gearing,  and  who  was  an  expert  on  that  subject,  and  who 
had  in  recent  years  been  with  one  of  the  leading  automobile  manu- 
facturers of  America,  told  him  that  he  had  repeatedly  found  the  same 
destructive  action  spoken  of  by  Mr.  Gabriel  when  stub-tooth  gears 
were  used  in  various  makes  of  automobiles. 

2  Mr.  Lewis,  in  referring  to  the  preliminary  tests  made  by  the  stu- 
dents of  the  Massachusetts  Institute  of  Technology,  said  they  showed 
that  the  loss  by  friction  was  varied  to  a  greater  extent  by  the  length 
of  the  addendum  than  by  the  angle  of  obliquity.^  As  he  understood, 
the  tests  to  which  Mr.  Lewis  referred  were  made  entirely  with  roller 
bearings,  thus  reducing  the  bearing  friction  to  a  minimum.  That 
friction,  however,  was  one-third  greater  for  the  20-deg.  pressure  angle 
than  for  the  14|-deg.  angle.  With  plain  bearings,  where  the  friction 
on  the  bearing  would  be  much  greater  than  with  roller  bearings,  that 
factor  favorable  to  the  smaller  pressure-angle  might  more  than  ofi"set 
any  advantage  shown  by  the  tests  in  favor  of  the  greater  pressure- 
angle  as  reducing  friction.  As  plain  bearings  were  more  extensively 
used  than  roller  bearings,  the  tests  could  not  be  considered  complete 
without  securing  full  data  when  using  plain  bearings.  He  agreed  fully 
with  Mr.  Gabriel  as  to  the  need  of  exhaustive  tests  by  competent  en- 
gineers before  any  result  could  be  accepted  as  authoritative. 

3  He  wished  to  take  the  present  opportunity  of  endorsing  what 
Mr.  Gabriel  had  said  relating  to  other  phases  of  the  subject.  He  did 
not  believe  that  any  modification  of  the  present  standard  which 
would  require  more  cutters  in  a  set  to  ensure  good  running  gears 
would  meet  with  favour  among  manufacturers,  as  it  would  add  di- 
rectly to  the  cost  of  the  equipment.    All  of  the  plans  suggested  in  Mr. 

^ Given  verbally  Ijy  Mr.  Lewis  when  presenting  his  paper. — Euitou 
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Lewis's  discussion  were  such  as  would  require  extra  cutters  in  the  set. 
Neither  did  he  beheve  that  any  plan  would  be  generally  approved 
which  would  increase  the  amount  of  back-lash  with  a  given  variation 
in  centre  distance  or  with  a  given  amount  of  wear.  Unless  some  very 
important  advantages  could  be  shown  for  some  new  system  yet  to  be 
suggested,  it  would  seem  unwise  to  bring  about  the  confusion  which 
would  result  from  a  change  not  fully  endorsed  by  the  manufacturing 
public. 

L  Daniel  Adamson^  wrote  that,  as  no  doubt  Mr.  Steven's  paper  was 
intended  to  assist  the  proposed  joint  committee  of  the  English  In- 
stitution and  The  American  Society  of  Mechanical  Engineers,  he 
thought  that  one  or  two  important  processes  for  the  production  of 
gearing,  which  were  not  mentioned,  should  be  referred  to.  There  was 
no  mention  of  the  Sunderland  method  of  generating  spur  gearing, 
the  machines  for  which  were  at  present  being  made  by  J.  Parkinson 
and  Sons,  Canal  Iron  Works,  Shipley.  In  this  system  the  cutter  took 
the  form  of  a  rack,  and  it  was  found  that  gears  could  be  cut  very  much 
more  rapidly  than  by  rotary  cutters,  and  the  further  advantage  was 
that  the  cutters  were  much  simpler  and  cheaper.  Only  one  cutter 
was  required  for  any  number  of  teeth  of  a  given  pitch  and  the  teeth 
were  all  correctly  cut,  as  distinguished  from  the  rotary-cutter  system, 
wherein  each  cutter  was  only  correct  for  the  exact  number  of  teeth 
for  which  it  was  designed, 

2  He  thought  it  seemed  hardly  fair  (at  the  bottom  of  p.  4)  to 
quote  as  a  "difficulty"  the  fact  that  gears  produced  in  hobbing  ma- 
chines by  hobs  cut  to  Brown  and  Sharpe  standard  would  be  unsuit- 
able for  running  with  those  cut  to  other  standard  shapes.  This  was 
the  fault  of  the  difference  in  the  so-called  ''standards"  and  was  not 
the  fault  of  the  hobbing  method,  but  was  in  fact  the  main  argument 
for.  an  early  standardization  of  all  spur-teeth  upon  a  definite  system. 

3  Coming  to  worm-gears,  there  was  no  mention  of  the  Gibson 
system,  which  was  described  in  the  Proceedings  of  the  North-East 
Coast  Institution  of  Engineers  and  Shipbuilders  in  1896-1897,  Vol.  13. 
This  system  should  certainly  have  some  consideration,  as  he  believed 
more  worm-gears  had  been  cut  by  this  method  and  by  the  subse- 
quently improved  method  introduced  by  Hy.  Wallwork  and  Co.,  of 
Manchester,  the  licensees  of  the  Gibson  system,  and  known  as  the 
Wallwork-McClean  method,  than  by  any  other  system. 

^  Messrs.  Joseph  Adamson  and  Co.,  Hyde,  Eng. 
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4  In  regard  to  the  question  of  models  of  teeth  (p.  6),  there  ought 
to  be  some  consideration  given  to  Lasche's  paper  in  the  Zeitschrift  des 
Vereinos  deutscher  Ingenieure  for  1899,  Vol.  43,  wherein  was  described 
a  system  recommended  by  its  author  for  the  use  of  the  A.  E.  G.  This 
system  was  based  upon  a  15-deg.  angle  of  pressure  with  an  addendum 
of  1|  module  for  the  driver  and  I  module  for  the  driven  wheel,  and 
bore  some  resemblance  to  the  Bilgram  system  referred  to  in  Wilfred 
Lewis's  paper.  There  were  many  advantages  claimed  for  it,  namely, 
a  stronger  shape  for  the  teeth  of  the  pinion,  a  shorter  arc  of  approach, 
and  (when  a  rotary  cutter  was  used)  a  more  effective  cutting  shape, 
the  radial  flanks  of  the  pinion  teeth  being  very  much  shortened. 

5  No  paper  on  tooth  gearing  could  be  considered  complete  with^ 
out  at  least  a  reference  to  Michael  Longridge,  Member  of  Council, 
who  gave,  in  his  annual  reports  for  1887-1888  and  1891,  examples  of  very 
short  teeth  for  large  driving  wheels.  It  was  principally  upon  the 
basis  of  those  reports  that  Mr.  Adamson's  firm  adopted  a  shortened 
form  of  tooth  in  1897,  full  particulars  of  which  would  be  found  in  Vol. 
24,  issue  No.  25  of  the  American  Mackijiist  of  1901,  and  which  he 
was  pleased  to  notice  had  the  same  length  of  addendum  as  the  "stub- 
tooth"  given  in  Table  1  of  Mr.  Steven's  paper,  namely,  0.25  of  the  cir- 
cular pitch. 

6  In  conclusion,  he  sincerely  trusted  that  the  proposed  joint  com- 
mittee would  be  encouraged  by  the  discussion  on  these  papers  to  push 
forward  the  important  question  of  standardization  of  gear  teeth,  and 
to  put  it  upon  such  a  basis  that  satisfactory  gear  teeth  could  be  pro- 
duced in  the  future  from  a  definite  formula,  without  the  use  of  any 
empirical  correction. 

Thomas  Humpage^  said  that  he  thought  much  credit  was  due  to 
Brown  and  Sharpe  for  standardizing  their  system  of  toothed  gearing, 
which  was  known  and  used  throughout  the  world.  It  was,  however, 
introduced  before  the  generating  machine  was  in  use,  and  it  must 
give  place  to  something  better  now.  In  view  of  the  great  advances 
that  had  been  made  during  the  past  ten  years  in  high-speed  machin- 
ery owing  to  the  introduction  of  high-speed  steel  and  the  great  de- 
mand for  silent  running  gears,  the  writer  thought  that  we  were  un- 
doubtedly behind  the  times  in  producing  correctly-formed  teeth  to 
run  quietly  at  these  high  speeds  with  great  pressure,  and  he  welcomed 

^  Mem.  I.M.E.,  Messrs.  Huinpage,  Tliompson  and  Hardy,  Jacob  St., 
Bristol,  Eng. 
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any  improvements  that  might  be  adopted  to  attain  this  end.  The 
Brown  and  Sharpe  system  should  be  left  alone,  as  it  would  always  be 
retained  by  certain  manufacturers  because  it  was  good  enough  for 
their  class  of  work. 

2  The  rack  being  the  basis  of  all  generated  involute  gears,  the 
teeth  should  have  straight  sides,  leaving  the  usual  fillets  at  their  -roots 
below  the  working  depth;  and  no  deviation  from  this  form  should  be 
made.  A.  12-tooth  pinion  should  be  the  minimum  for  general  pur- 
poses, because  it  has  proved  best  in  the  past.  For  quietness  and  long 
life  at  high  speeds,  it  was  most  essential  that  there  should  be  no  un- 
dercutting, and  that  the  involute  should  extend  to  the  whole  working 
depth  of  the  tooth.  To  generate  these  teeth  on  a  12-tooth  pinion,  the 
cutter  or  hob  must  have  teeth  with  sides  inclined  at  an  angle  of  22 
deg.,  as  a  less  angle  would  shorten  the  lengih  of  the  involute  and  cause 
undercutting.  As  regards  the  addendum  and  dedendum,  he  quite 
agreed  with  Mr.  Lewis's  suggestions.  These  teeth  could  be  gener- 
ated on  either  of  the  following  generating  machines — an  automatic 
bobbing  machine,  a  Bilgram,  Reinecker  or  Sunderland  spur-gear 
planer,  also  on  a  Fellows  gear  shaper,  providing  the  teeth  of  the  cutter 
were  ground  to  a  true  involute  form  down  to  the  working  depth  of 
the  teeth.  They  could  also  be  cut  on  any  machine  of  the  Brown  and 
Sharpe  type  with  disc  cutters  made  the  exact  shape  of  the  space  be- 
tween the  teeth.  All  wheels  cut  on  these  machines  would  then  be  in- 
terchangeable with  each  other.  To  facilitate  repairs,  it  would  also  be 
a  great  advantage  if  manufacturers  would  stamp  the  pressure  angle 
on  the  rims  of  the  gears  they  cut,  for  example — 14|  deg.  Brown  and 
Sharpe,  or  22  deg. 

3  It  was,  however,  most  unlikely  that  all  the  branches  of  the 
engineering  trade  usin^  gears  would  accept  any  one  standard 
pressure  angle  only.  Taking  the  automobile  industry,  for  instance,  a 
20-tooth  minimum  pinion  was  adopted  by  leading  makers,  and  for 
change-speed  gears  a  pressure  angle  of  about  18  deg.  would  be  suffi- 
cient to  extend  the  involute  to  the  working  depth  of  the  teeth  without 
undercutting.  It  would  also  enable  all  existing  machines  in  motor- 
car works  to  cut  interchangeable  gears,  providing  their  cutters  were 
formed  on  an  18  deg.  angle  basis. 

4  An  18  deg.  angle  involute  tooth  was  much  stronger  than  the  14| 
deg.  Brown  and  Sharpe  standard  tooth,  which  was  the  one  generally 
adopted  by  the  motor-car  manufacturers,  and  owing  to  the  involute 
being  extended  the  wheels  would  run  more  quietly  and  last  longer.^ 
The  outward  pressure  would,  however,  be  slightly  increased  above 
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the  Brown  and  Sharpe  standard,  but  it  would  be  less  than  a  22deg. 
angle.  Again,  in  the  printing  machine  and  many  other  industries, 
the  smallest  pinions  had  more  than  twelve  teeth,  and  a  pressure  angle 
of  less  than  22  deg.  would  be  a  great  advantage  owing  to  the  fact  that, 
when  wear  had  taken  place  there  was  not  so  much  back-lash  and  the 
machines  registered  more  accurately. 

5  The  above  suggestions  appeared  to  the  writer  to  be  the  first 
steps  in  the  right  direction  leading  up  to  the  far  more  important  and 
the  much-desired  object  of  producing  perfectly  silent  running  gears. 
In  the  writer's  paper  on  Spur  Gearing,  read  before  the  Institution  at 
the  Summer  Meeting  in  Bristol  of  July  1908,  he  described  a  method 
of  grinding  the  involute  teeth  of  gear  wheels.  Since  then  he  had  con- 
tinued his  experiments,  which  he  believed  to  be  the  best  way  of  pro- 
ducing correct  involute  teeth  and  silent-running  gears,  and  hoped 
shortly  to  make  the  results  known. 

R.  M.  Neilson^  wrote  that,  in  view  of  the  necessity  of  having  max- 
imum efficiency  and  a  small  angle  of  pressure  in  many  cases  where 
high  powers  were  required  to  .be  transmitted,  as,  for  example,  in  the 
propulsion  of  ships,  it  would  appear  to  be  advisable  to  have  two  stand- 
ard types  of  teeth — one  being  of  a  nature  to  allow  of  the  teeth  being 
cut  with  a  disc  cutter  for  any  number  of  teeth  per  wheel  down  to 
about  12  (or  possibly  less  than  12),  while  the  other  would  be  designed 
for  maximum  efficiency  and  contact  and  a  small  angle  of  pressure,  but 
would  not  be  of  a  nature  to  allow  of  execution  by  a  disc  cutter  except 
for  wheels  having  a  relatively  large  number  of  teeth.  To  attempt  to 
make  one  standard  serve  in  all  cases  would  force  the  employment  of 
non-standard  teeth  in  many  cases. 

J.  R.  Williams-  wrote  that  in  his  opinion  the  suggested  increase  in 
the  angle  of  pressure,  although  good,  both  from  the  interchangeable 
point  of  view  and  increased  strength  of  the  teeth,  would  have  a  ten- 
dency to  form  shoulders  on  the  working  base  of  the  teeth;  this  would, 
of  course,  increase  the  pressure  on  the  bearings  to  a  greater  extent 
than  the  theoretical  pressure,  due  purely  to  the  increased  angle,  and 
would  have  to  be  allowed  for  when  calculating  the  bearing  surfaces  for 
the  shafts. 

1  Mem.  I.M.E.,  45  Hope  St.,  Glasgow,  Scotland. 

2  Asso.  Mem.  I.M.E.,  Tramway  Power  Station,  Kelham  Island,  Sheffield, 
Eng. 


A  COMPARISON  OF  LATHE  HEADSTOCK 
CHARACTERISTICS 

By  Prof.  Walter  Rautenstrauch,  Published  in  The  Journal  for  June  1910 

ABSTRACT  OF  PAPER 

The  paper  is  concerned  with  the  determination  of  the  adaptability  of  a  num- 
ber of  engine  lathes  to  the  economic  performance  of  a  standard  task.  The 
method  of  comparison,  devised  by  Dr.  J.  T.  Nicolson  and  Dempster  Smith, 
of  Manchester,  England,  consists  in  determining  the  extent  to  which  each 
speed-torque  combination  possible  in  a  given  lathe  lends  itself  to  removing  the 
greatest  weight  of  shavings  in  a  given  time  from  a  given  diameter  of  work.  The 
standard  task  assigned  to  each  lathe  is  taking  a  predeterm.ined  area  of  cut  on 
all  diameters  of  work  of  mild  and  soft  steel  pieces,  with  high-heat  steels.  The 
results  of  the  comparison  are  not  intended  to  justify  or  condemn  a  lathe  for 
general  purpose  work,  but  to  exhibit  the  attempts  of  different  manufacturers 
to  meet  the  conditions  favorable  to  the  use  of  the  high-heat  steels.  They  show, 
among  other  things,  that  a  more  rational  means  of  spacing  speed-torque  com- 
binations is  needed.  Many  of  the  lathes  examined  are  shown  to  have  a 
number  of  speed-torque  combinations  which  may  be  dispensed  with,  as  far 
as  their  adaptability  to  more  economic  weighs  removal  is  concerned,  no  matter 
what  the  standard  of  comparison  may  be. 

DISCUSSION 

Carl  G.  Barth.  Professor  Rautenstrauch's  paper  interests  me 
as  an  evidence  of  the  new  attitude  of  the  university  and  college  pro- 
fessors towards  the  problems  of  the  practical  engineer,  for  it  is  my 
impression  that  until  recently  they  concerned  themselves  only  with 
the  most  general  theories  except  for  machinery  connected  with  the 
generation  of  power. 

2  I  regret  to  say,  however,  that  the  method  of  analysis  adopted 
in  this  paper  is  hopeless  as  a  means  to  the  end  in  view,  for  the  same 
reason  that  Mr.  Taylor's  labors  for  twenty  years  previous  to  the 
perfection  of  slide-rules  for  the  scientific  running  of  machine  tools 
never  fully  resulted  in  what  he  was  after,  namely,  a  ready  and  accu- 
rate means  of  predetermining  just  how  efhcientl/  metal  might  be 
removed  by  a  lathe  or  kindred  machine  tool  from  any  piece  of  work 
at  all  fit  to  be  handled  in  such  a  machine.  This  paper  practically 
reattempts  a  theoretical  solution  of  the  basic  part  of  the  problem 
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Mr.  Taylor  and  his  earlier  associates  tried  to  solve,  and  that  the 
present  attempt  has  failed,  except  in  calling  attention  to  the  desir- 
ability of  a  more  wide-spread  realization  of  both  the  problem  and  its 
solution,  is  indeed  only  natural. 

3  The  problem  is  too  complex  for  any  ordinary  mathematical 
analysis  and  requires  for  its  solution  a  slide-rule  of  the  kind  just 
referred  to,  on  which  the  great  number  of  constants  and  variables 
entering  into  the  problem  may  be  so  happily  arranged  with  rela- 
tion to  each  other  that  the  solution  of  any  problem  involving  a 
part  or  all  of  these  is  solved  by  a  moment's  inspection. 

4  Besides  the  impossibility  of  utilizing  the  method  of  analysis 
proposed  in  this  paper  for  practical  purposes,  it  would  appear  that 
the  author  has  started  out  vvith  a  misconception  of  how  a  lathe  is 
properly  used  in  practice.  He  assumes  that  the  cut  a  lathe  is  cap- 
able of  taking  on  its  full  swing  diameter  is  all  that  it  is  ever  called 
upon  to  take,  while  the  fact  is  that  when  used  for  the  mere  purpose 
of  removing  metal,  a  lathe  is  properly  confined  to  work  on  diame- 
ters not  exceeding  the  swing  over  its  carriage,  or  even  less.  The 
maximum  cut  a  lathe  can  take  is  limited  only  by  the  strength  of  the 
cutting  tool  when  this  is  properly  held  in  its  post  with  a  minimum  of 
overhang.  A  lathe  is  therefore  most  efficiently  utilized  for  rough- 
ing when  the  work  routed  to  it  is  of  such  medium  diameters  and 
lengths  that  the  maximum  cut  the  tool  can  carry  does  not,  on  the 
one  hand,  put  an  undue  stress  on  the  weakest  driving  gear,  nor,  on 
the  other  hand,  tend  to  spring  the  work  beyond  the  elastic  limit  of 
its  material. 

5  Before  taking  steps  to  decide  how  low  to  make  the  minimum 
spindle  speerl  of  a  lathe,  it  is  therefore  necessary  to  determine  the 
maximum  pressure  to  which  we  will  sul:)ject  its  cutting  tool  and  the 
ratio  of  this  to  the  permissible  pressure  on  the  teeth  of  the  largest  spindle 
gear.  From  this  is  obtained  the  largest  diameter  on  which  the  maxi- 
mum cut  can  be  taken  which  the  tool  itself  will  safely  bear.  Then 
can  be  determined  the  size  of  this  cut  and  the  cutting  speed  at  which 
it  may  be  taken  on  the  hardest  material  on  which  it  is  intended  to 
be  taken  and  still  have  the  tool  last  an  economical  length  of  time 
before  burning  out  or  wearing  down  to  an  undue  degree  without 
burning  out,  as  for  extra  hard  materials.  Rarely,  however,  can  the 
speeding  of  a  lathe  be  determined  with  regard  to  roughing  work  only, 
since  this  is  usually  simply  one  of  many  factors  that  have  to  be  con- 
sidered. 

6  To  determine  the  size  of  motor  to  provide  for  a  lathe,  the  softest 


J 


COMPARISON  OF  LATHE  HEADSTOCK  CHARACTERISTICS         1657 

material  on  which  it  is  desired  to  take  the  heaviest  cut  the  tool  will 
stand  must  be  decided  and  the  cutting  speed  at  which  this  may  be 
taken  with  an  economical  tool  life.  The  minimum  revolutions  of 
belt-driven  as  well  as  motor-driven  lathes  and  the  size  motor  to 
provide  for  the  latter  are  most  readily  determined  by  means  of 
special  slide-rules  for  the  purpose,  on  the  basis  of  the  information 
bearing  on  the  subject  contained  in  Mr.  Taylor's  paper.  On  the 
Art  of  Cutting  Metals,  but  approximate  formulae  for  the  purpose 
are  easily  developed. 

The  Author.  It  is  to  be  regretted  that  the  presentation  of  this 
paper  has  failed  to  call  forth  from  the  designers  of  lathes  and  similar 
machines  a  series  of  discussions  which  would  throw  additional  light 
on  the  problem.  It  is  hoped  that  this  matter  will  not  rest  where 
it  is,  but  that  all  having  any  knowledge  of  this  subject  will  eventually 
contribute  frankly  and  freely  some  item  of  value. 

2  Mr.  Earth's  remarks  are  of  much  interest  because  of  his  long- 
experience  in  this  field.  He  does  not  confine  himself  to  the  body 
of  the  argument,  however,  although  his  contribution  is  of  importance 
in  that  it  presents  a  different  point  of  view  on  what  properly  consti- 
tutes a  basis  for  founding  a  method  of  comparison. 


EXPERIMENTAL  ANALYSIS  OF  A  FRICTION 
CLUTCH  COUPLING 

By  Prof.  Wm.  T.  Magruder,  Published  in  The  Journal  for  January  1910 
ABSTRACT  OF  PAPER 

The  paper  gives  the  results  of  five  lines  of  investigation  on:  (a)  a  dynamic 
clutch-testing  machine;  (6)  a  static  apparatus,  using  24-in.  four-jaw  friction 
clutch  couplings  from  stock. 

The  solid  clutch  broke  at  200  h.p.  at  100  r.p.m.,  when  the  load  was  gradually 
applied,  and  at  110  h.p.  at  100  r.p.m.  for  a  pick-up  load;  the  split  clutch  broke 
at  140  h.p.  at  100  r.p.m.  with  the  load  gradually  applied.  A  maximum  axial 
thrust  on  the  collar  of  600  lb.  may  be  required,  or  115  lb.  at  the  end  of  a  one-to- 
five  shifter  lever,  creating  a  total  pressure  of  8000  lb.  by  the  shoes  on  the  ring, 
or  50  lb.  per  sq.  in. 

DISCUSSION 

H.  J.  Smith.  The  author  gives  three  methods  of  making  friction 
clutch  tests: 

a  Static  test  to  determine  the  force  required  to  cause  the 

clutch  to  slip  with  a  given  force  on  the  shifter  lever. 
6  The  clutch  in  motion  with  the  load  gradually  applied. 
c  The  clutch  in  motion  with  the  load  suddenly  applied,  to 
determine  the  pick-up  load  capacity  of  the  clutch. 

2  While  the  first  two  methods  are  interesting,  the  results  do  not 
apply  directly  to  actual  working  conditions.  The  pick-up  test  alone 
determines  the  capacity  of  the  clutch  and  its  factor  of  safety.  Both 
experience  and  the  results  of  numerous  tests  show  that  the  pick-up 
load  is  extremely  variable,  depending  on  the  class  of  work.  In  some 
instances  in  actual  practice  it  is  more  than  210  per  cent  above  the 
normal  running  load  of  the  clutch.  From  this  it  is  evident  that  both 
in  the  rating  and  in  the  selection  of  a  clutch  for  a  given  service,  the 
pick-up  load  is  the  controlling  factor. 

3  When  a  clutch  under  test  has  its  load  gradually  applied,  the 
transmitting  capacity  of  the  clutch  is  at  its  best,  and  its  factor  of 
safety  highest.  When  called  upon  to  pick  up  a  dead  load  suddenly, 
the  effect  on  the  clutch  is  that  of  impact,  and  the  factor  of  safety  is 
reduced  very  often  to  a  dangerous  degree. 
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4  It  will  be  seen  from  test  1  in  Table  1  of  the  paper,  the  only 
recorded  tests  upon  a  split  clutch,  which  is  the  weaker  type  of  construc- 
tion, that  with  a  gradually-applied  load  the  clutch  transmitted  146 
h.p.  and  broke.  The  stronger  construction — the  solid  clutch — carried 
187  h.p.  and  broke.  Now  note  that  this  latter  solid  clutch  carried 
only  102  h.p.  on  a  suddenly  applied,  or  "pick-up"  load,  and  broke. 

5  On  the  basis  named  by  the  author  for  gradually  applied  loads, 
that  the  four-arm  split  clutch  will  carry  78.5  per  cent  of  the  breaking 
load  carried  by  the  four-arm  solid  clutch,  the  split  clutch  would  have 
broken  on  a  pick-up  load  of  about  80  h.p.  This  is  in  line  with  exten- 
sive prony  brake  tests  made  by  me  in  1908  and  1909,  which  showed  for 
pick-up  loads  that  80  h.p.  at  93  r.p.m.  is  about  the  rupture  capacity 
of  24-in.  split  clutches  and  about  100  h.p.  for  24-in.  solid  design 
clutches,  as  made  by  different  manufacturers. 

6  I  must,  however,  take  exception  to  the  author's  final  conclusion 
that  a  factor  of  safety  of  10  exists  in  clutch  manufacture.  This  is 
far  too  high.  In  the  first  place  the  coefficient  of  rest  is  greater  than 
the  coefficient  of  motion,  and  we  must  not  forget  that  the  trans- 
mitting capacity  of  a  clutch  is  dependent  upon  its  ability  to  pick  up 
its  load  from  rest.  In  practice  the  dead  load  of  the  prony  brake 
is  replaced  by  the  friction  and  inertia  of  large  masses,  such  as  occur 
in  starting  into  motion  long  lines  of  shafting,  flywheels,  pumps, 
attrition  mills,  ball  mills,  tube  mills,  or  other  similar  machinery. 

7  During  the  time  of  slippage  under  the  pick-up  loads  the  coeffi- 
cient of  friction  is  lowest  and  the  wear  on  the  wood  shoes  greatest. 
Once  in  motion  the  friction  of  rest,  which  exists  between  the  clamped 
members  of  the  clutch,  insures  the  continued  transmission  of  any  load 
that  can  be  picked  up. 

8  In  the  second  place  the  rating  of  a  clutch  of  any  size  should 
be  based  on  the  split  construction.  In  the  test  under  consideration 
the  rupture  capacity  of  the  24-in.  split  clutch  is  about  90  h.p.  at  100 
r.p.m.  The  rating  of  the  makers  is  19  h.p.  at  the  same  speed.  The 
factor  of  safety,  therefore,  is  less  than  five. 

9  Tn  all  tests  made  by  me  the  final  rupture  occurred  at  the  key- 
way  of  the  clutch  hub;  the  bolting  lugs  and  bolts  gave  way  at  the 
same  moment  and  the  ring  was  broken  only  by  the  thrust  of  the  broken 
clutch  mechanism. 

10  There  is  no  doubt  that  the  transmitting  capacity  of  a  clutch 
increases  practically  proportionately  with  the  number  of  arms;  on 
the  other  hand  it  is  equally  certain,  from  a  study  of  design,  that  the 
factor  of  safety  will  vary  with  the  number  of  arms.    My  own  opinion 
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of  the  factor  of  safety  of  a  Hill  clutch  of  four-arm  construction  is  that 
each  arm,  independent  of  the  others,  should  be  able  to  carry  safely 
the  rated  capacity  of  the  clutch  at  100  r.p.m.  This  gives  a  factor 
of  safety  of  four.  For  a  three-arm  clutch  in  the  same  manner  the  fac- 
tor of  safety  is  three,  but  for  a  six-arm  clutch  it  rarely  exceeds  four. 
This  is  because  a  six-arm  clutch  has  a  no  stronger  hub  construction 
than  a  four-arm  clutch  on  account  of  the  congested  design. 

11  In  a  series  of  tests  by  Prof.  R.  G.  Dukes  of  the  Case  School  of 
Applied  Science,  Cleveland,  results  were  obtained  upon  the  ultimate 
capacities  of  different  types  and  makes  of  clutches.  In  the  following 
table  is  given  the  performance  of  a  24-in.  split  positive-action  Hill 
clutch,  which,  however,  was  not  pushed  to  its  greatest  capacity  on 
account  of  lack  of  power  on  the  testing  stand : 

TABLE  1    TESTS  ON  24-IN.  POSITIVE  ACTION  HILL  CLUTCH 
CATALOGUE  RATING  48  H.P.  AT  100  R.P.M. 


Number  op 

Thrust 

ON 

Maximum  Brake 

Horsepower 

Remarks 

Test 

Collar, 

LB. 

Load,  lb. 

AT  100  r.p.m. 

1 

258 

540 

74 

Clutch  slipped 

2 

334 

830 

113 

Clutch  slipped 

3 

410 

880 

120 

Clutch  slipped 

4 

544 

1030 

141 

Limit  of  Testing 
Stand 

12  To  illustrate  the  enormous  power-transmitting  capacity  of 
the  ring  type  of  clutch,  the  following  test  is  of  interest.  It  was  made 
on  a  24-in.  No.  60  Smith  type  Hill  split  clutch  of  very  heavy  con- 
struction. It  is  rated  at  60  h.p.  at  100  r.p.m.  Fig.  1  shows  the  design 
of  the  clutch,  which  is  positive  in  its  action,  no  springs  being  required 
for  disengaging  the  jaws. 

13  The  test  was  conducted  as  follows:  The  power  transmitted 
was  measured  by  a  prony  brake  and  platform  scales.  The  speed  of 
the  clutch  shaft  was  maintained  at  93  r.p.m.  A  spring  scale  meas- 
ured the  force  applied  to  the  hand  lever.  The  wood  shoes  were  first 
worn  to  a  fit  on  the  ring.  Then  the  jaws  were  adjusted  so  that  a  cer- 
tain pressure  on  the  hand  lever  engaged  the  clutch.  Next  the  brake 
band  was  tightened  and  the  clutch  engaged,  forcibly  nicking  up  the 
dead  load  from  rest.  Repeated  trials  gave  the  maximum  brake  load 
which  the  clutch  would  pick  up  without  slipping.  When  a  slip  occurred 
the  jaw  adjustment  was  increased  to  give  larger  hand  lever  scale 
readings,  and  corresponding  higher  brake  readings.    The  final  read- 
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ing  of  the  transmitting  capacity  was  limited  only  by  the  available 
power.    The  results  are  given  in  Table  2. 


•     FiQ.  1    24-iN.  No.  60  Hill  Split  Clutch  (Smith  Type) 

14  It  will  be  noted  that  these  results  were  obtained  with  a  split 
clutch  starting  from  absolute  rest — the  true  pick-up  load — and  bring- 
ing up  to  speed  at  the  stated  loads.  No  breakage  occurred.  It  is 
the  result  of  correct  toggle  action  and  rigidity  of  construction. 

TABLE  2     TESTS  ON  24-IN.   NO.  60  HILL  SPLIT  CLUTCH   (SMITH  TYPE) 
Catalogue  Rating  60  h.p.  at  100  b.p.m. 


Number  op 

Thrust  on 

Test 

Collar,  lb. 

1 

188 

258 

312 

380 

456 

740 

Net  Maximum 
Brake  Load, 


Horsepower  at 

100     R.P.M. 


365 

58 

527               1 

84 

728 

116 

878 

140 

1087               1 

173 

1430              ! 

228 

Clutch  slipped  on 
further  tightening 
brake 

Limit  of  testing  stand 


Prony  Brake  Arm  100-ln.  long. 


15  It  is  of  interest  to  note  also  that  the  ring  type  clutch  described 
in  the  paper  was  the  invention  of  Harry  W.  Hill  (February  10,  1885). 
In  its  fundamental  construction  two  members  are  required:  a  toggle- 
locked  friction  clamp  and  a  friction  ring.  To  preserve  the  balance  of 
the  clutch  and  increase  its  capacity,  additional  friction  clamps  are 
added,  making  two,  three,  four  or  six  arm  clutches. 
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G.  N.  VanDerhoef.  The  real  point  in  connection  with  friction 
clutches  is  undoubtedly  the  picking-up  of  the  load,  and  these  tests 
seem  to  lack  in  that  they  do  not  give  the  mass  that  is  started  from  rest 
and  the  time  required  to  accelerate  it  to  uniform  velocity.  That  is 
the  duty  the  clutch  has  to  perform  and  is  the  real  measure  of  the 
strength  of  the  clutch.  The  time  should  be  given  in  seconds,  or  in 
fractions  of  seconds.  When  this  is  done  we  will  have  some  idea  of  the 
relative  value  of  friction  clutches. 

H.  J.  Smith.  In  regard  to  the  time  element  in  tests  of  friction 
clutches,  I  know  that  in  Professor  Duke's  report  and  in  the  tests  I 
conducted  myself,  it  was  found  best  to  throw  in  the  clutch  just  as 
rapidly  as  possible,  in  any  case,  on  a  pick-up  load,  clutches  of  all 
types  were  thrown  in  as  quickly  as  it  could  be  done  by  the  impulse 
of  two  men  on  the  hand  lever. 

E.  P.  Haines.  In  connection  with  the  time  taken  to  start  a  load, 
take  the  case  of  a  gas  engine  in  a  machine  shop.  If  the  clutch  is  thrown 
in  quickly,  the  gas  engine  will  stop,  and  if  it  is  thrown  in  too  slowly, 
the  clutch  will  burn  out  unless  it  has  ample  surface  to  prevent  over- 
heating. The  time  taken  to  apply  the  load  should  be  between  the 
two  extremes. 

H.  J.  Smith.  Through  this  system  of  testing  I  have  evolved  the 
following  rules :  for  single-cylinder  gas  engines,  use  a  clutch  of  double 
the  capacity  at  a  given  speed;  for  double  and  triple-cylinder  gas 
engines,  use  one  rated  at  from  25  to  50  per  cent  above  the  capacity 
desired;  with  engines  of  four  or  more  cylinders,  use  a  clutch  of  the 
rated  capacity  for  steam  engine  practice. 

Oberlin  Smith  said  that  clutches  should  always  be  thrown  in  as 
quickly  as  possible,  especially  if  they  have  wooden  or  fiber  shoes, 
except  where  gas  engines  are  used  for  power.  He  has  found  that 
clutches  as  a  rule  are  built  too  small  in  diameter,  necessitating  severe 
clamping  to  obtain  sufficient  friction  to  carry  the  load.  This  is  some- 
times necessary  where  the  diameter  must  be  restricted,  but  in  general 
large  diameter  should  be  employed  to  obtain  speed  and  to  reduce 
the  pressure  on  the  clamps.  He  stated  that  his  experience  had  been 
mostly  with  clutches  used  for  starting  presses,  where  the  inertia 
of  large  shafts  and  heavy  chains  of  gearing  impose  severe  strains  on 
them.    Under  such  conditions  the  clutch  surface  is  run  at  the  highest 
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safe  speed,  about  a  mile  a  minute,  in  order  to  obtain  the  greatest 
benefit  from  the  friction. 

2  Many  of  the  friction  clutches  i  i  the  market  are  excellent  but 
complicated.  They  require  a  great  deal  of  mechanism  to  give  enor- 
mous pressure  at  the  friction  surface.  For  driving  heavy  presses  a 
much  simpler  form  of  clutch  is  preferable  and  the  old  cone  form 
has  been  adopted.  By  making  the  surface  wide  and  large  in  cir- 
cumference a  very  simple  toggle  mechanism  is  sufficient. 

The  Author.  In  rep'y  to  H.  J.  Smith's  remarks,  I  would  say 
that  every  one  is  aware  that  a  split  pulley  is  not  as  strong  as  a  solid 
one,  and  for  that  reason  the  number  of  split  friction  clutch-couplings 
sold  is  probably  less  than  ten  per  cent  of  the  number  of  solid  ones 
made  and  sold. 

2  In  reply  to  Mr.  VanDerhoef ,  it  should  be  said  that  the  mass  that 
was  started  from  rest  is  shown  in  Fig.  2.  The  48-in.  by  24-in.  brake 
pulley  weighed  about  2800  lb.  No  automatic  and  autographic  appara- 
tus was  available  for  recording  the  time  required  suddenly  to  apply 
the  load.  The  instructions  were  to  throw  the  load  on  as  quickly 
as  possible,  and  this  was  done.  To  describe  this  action  as  accurately 
as  possible,  it  is  called  in  Table  5  a  suddenly  applied  load  rather  than 
a  pick-up  load.  Just  what  fraction  of  a  second  this  was  each  one 
can  judge  from  his  own  experience.  The  term  pick-up  load  is  quite 
indefinite  as  to  the  time  element  and  simply  describes  the  starting 
into  motion  of  a  shaft,  etc.,  which  was  at  rest  and  with  an  indefinite 
amount  of  slipping  of  the  friction  members. 

3  Replying  to  Oberlin  Smith,  I  would  say  the  intensity  of  pres- 
sure of  the  shoes  on  the  ring  was  about  50  lb.  per  sq.  in.  with  this  clutch 
(see  Par.  37  Bd). 


TEST  OF  A  15,000-KW.  STEAM-ENGINE-TURBINE 
UNIT 

By  H.  G.  Stott  and  R.  J.  S.  Pigott,  New  York 

This  paper  was  published  in  The  Journal  for  March  1910  and  relates  to  tests 
of  low-pressure  steam  turbines  installed  at  the  59th  Street  Station  of  the 
Intcrborough  Rapid  Transit  Company  of  New  York,  originally  equipped 
with  engines  of  the  Manhattan  type  to  which  vertical  low-pressure  turbines 
and  independent  generators  were  added.  The  discussion  upon  the  paper 
presented  at  the  meeting  and  contributed  later  was  published  in  The  Journal 
for  August.  The  following  addition  to  the  discussion  is  given  by  the  author 
in  reply  to  an  inquiry  as  to  the  advisability  of  installing  a  new  plant  with  a 
combination  unit  of  engine  and  turbine. 

The  Author.  In  reply  to  the  question  by  Max  Rotter  as  to 
whether  it  would  be  advisable  to  install  in  a  new  plant  such  a  com- 
bination as  described  in  the  paper,  the  accompanying  diagram 
(Fig.  1),  showing  the  factors  entering  into  the  cost  of  power,  will 
answer  his  question.  For  example,  with  a  low  load  factor,  it  is  quite 
evident  that  the  all-important  point  is  to  keep  down  the  fixed  charges 
for  when  the  load  factor  is  less  than  20  per  cent,  the  fixed  charges 
are  of  vastly  greater  importance  than  any  possible  gain  of  tfficiency 
due  to  a  better  type  of  prime  mover.  This  is  true  of  any  plant, 
and  the  curve  shows  the  futility  of  attempting  to  carry  peak  loads 
by  means  of  gas  engines,  water  power  or  any  other  prime  mover 
necessitating  a  large  investment  per  kilowatt.  On  the  other  hand, 
with  loads  having  a  lead  factor  of  over  60  per  cent  especially  where 
fuel  cost  is  high,  the  investment  factor  is  of  relatively  small  impor- 
tance, and  the  all-important  matter  is  to  keep  down  the  mainte- 
nance and  operating  charges  by  using  the  most  efficient  type  of  plant 
obtainable,  provided  that  it  is  at  the  same  time  thoroughly  reliable. 

2  The  total  cost  of  power  can  be  obtained  from  these  curves  by 
simply  taking  the  sum  of  the  orcUnates  above  and  below  the  axis  for 
any  load  factor  desired.. 
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GENERAL  NOTES 

AMERICAN    SOCIETY    OF   CIVIL    ENGINEERS 

At  the  monthly  meeting  of  the  American  Society  of  Civil  Engineers,  held 
on  September  21,  1910,  papers  were  presented  on  Long  Island  Approaches  to 
the  East  River  Tunnel,  on  The  Sunnyside  Yard,  and  on  The  Lining  on  the 
Four  Permanent  Shafts  of  the  East  River  Tunnel. 


AMERICAN    SOCIETY    OF   ENGINEERING    CONTRACTORS 

The  annual  convention  of  the  American  Society  of  Engineering  Contractors 
was  held  in  St.  Louis,  Mo.,  September  27-29,  1910,  in  the  Coliseum.  Papers 
were  delivered  by  J.  B.  Goldsborough  and  Edward  Wegmann,  both  of  New 
York,  on  Dam  Construction  for  City  Water  Supplies;  and  by  George  C.  War- 
ren, of  Boston,  on  Work  Preliminary  to  Street  Paving  and  Road  Work.  A  ban- 
quet was  held  during  the  convention  and  several  sightseeing  trips  made  to 
important  engineering  works  in  and  around  St.  Louis. 

NEW    ENGLAND   WATER   WORKS    ASSOCIATION 

The  twenty-ninth  annual  convention  of  the  New  England  Water  Works 
Association  was  held  at  Rochester,  N.  Y.,  September  21-23.  Among  the 
papers  presented  were :  Pertinent  Matters  Relating  to  Water  Works,  Frederick 
Eltwood;  Purification  Plant  of  Rochester  and  Lake  Ontario  Water  Company, 
Rochester,  N.  Y.,  James  M.  Caird;  Depreciation  in  Water  Works  and  Methods 
of  Accounting  therefor,  Leonard  Metcalf,  Mem.Am.Soc.M.E.;  The  Use  of 
the  Water  Ejector  for  Transporting  Sand,  Morris  Knowles,  Mem.Am.Soc. 
M.E.,  and  John  M.  Rice. 

NEW    YORK    RAILROAD    CLUB 

The  first  regular  meeting  of  the  New  York  Railroad  Club  for  the  fall  season 
was  held  Friday  evening,  September  16,  in  the  Engineering  Societies  Build- 
ing, 29  West  39th  Street.  B.  S.  Hinckley,  Engineer  of  Tests  of  the  New  York 
Central  and  Hudson  River  Railroad,  presented  a  paper  entitled  the  Testing 
Department  of  a  Railroad. 

NATIONAL    ASSOCIATION    OF    GERMAN-AMERICAN    TECHNOLOGISTS 

The  twenty-sixth  annual  convention  of  the  National  Association  of  German- 
American  Technologists  was  held  at  Newark,  N.  J.,  September  1-5.  Dr.  L. 
H.  Friedburg  presented  a  paper  on  The  Activity  of  Radium  and  Permanency  of 
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the  Element  with  Side-Lights  on  Transmutation  and  Alchemy.  Excursions 
were  made  to  the  Edison  Laboratory,  West  Orange,  N.  J.,  and  to  the  Henry 
R.  Worthington  Hydraulic  Works,  Harrison,  N.  J. 

ASSOCIATION     OF     RAILWAY     ELECTRICAL     ENGINEERS 

At  the  convention  of  this  association,  held  September  27-30  at  the  La  Salle 
Hotel,  Chicago,  111.,  papers  were  presented  on  the  following  subjects:  Elec- 
tric Lighting  of  Railway  Cars,  Axle  Generating  Systems,  Electric  Traction 
on  Trunk  Lines,  Motor  Driven  Machine  Tools,  and  The  Illumination  of  Rail- 
way Passenger  Stations  and  Machine  Shops. 

ROADMASTERS     AND     MAINTENANCE     OF     WAY     ASSOCIATION 

The  twenty-eighth  annual  convention  of  the  Roadmasters  and  Maintenance 
of  Way  Association  was  held  at  the  Great  Northern  Hotel,  Chicago,  111., 
September  13-16,  with  an  attendance  surpassing  all  former  records.  The 
following  subjects  were  discussed:  Proper  Care  of  Track  Material  and  Tools," 
Cattle  Guards;  New  and  Impro-ved  Appliances,  including  Ties;  Standard 
Switch  Ta^rget;  Rail  Fastenings,  including  Insulated  Joints;  Tie  Plates  and 
Anchors.     A  paper  on  Treated  Timber  was  presented  by  J.  L.  Single. 

THE   COLORADO   ELECTRIC  LIGHT,    POWER  AND    RAILWAY  ASSOCIATION 

The  eighth  annual  convention  of  the  Colorado  Electric  Ijight,  Power  and 
Railway  Association  was  held  at  the  Hotel  Colorado,  Glenwood  Springs,  Colo., 
September  21-23,  and  was  the  largest  and  most  interesting  meeting  from  a 
professional  point  of  view  that  the  association  has  ever  held.  Papers  were 
read  on  the  following  subjects:  Storage  Batteries  in  Street  Railway  and  Cen- 
tral Station  Work,  F.  A.  War  field;  Some  Observations  on  Cultivating  Friendly 
Relations  with  the  Public,  J.  M.  Connelly;  Mazda  Street  Series  Lighting, 
R.  L.  Jones;  High  and  Low  Tension  Lines,  J.  C.  Lawler;  The  Place  of  Rotarj^ 
Condensers  and  Induction  Generators  in  Transmission  Systems,  H.  L.  Alter. 
Reports  were  also  received  from  committees  appointed  to  investigate  the 
Subject  on  Grounded  Secondaries,  Meters,  Insurance,  etc. 


PERSONALS 

E.  T.  Adams  has  resigned  as  chief  engineer  and  manager  of  the  gas  and  mill 
engine  department  of  the  Allis-Chalmers  Co.,  West  Allis,  Wis.,  a  position  which 
he  has  held  for  the  past  five  years. 

H.  P.  Ahrnke  has  become  associated  with  the  Barrett  Manufacturing  Co., 
New  York.  He  was  formerly  identified  with  the  Pa.  Tunnel  &  Terminal  R.  R. 
Co.,  New  York. 

Jos.  E.  Aue  has  become  identified  with  the  Snow  Steam  Pump  Works,  Buff- 
alo, N.  Y.  He  was  formerly  connected  with  the  Pacific  Gas  and  Electric  Co., 
San  Francisco,  Cal. 

Earle  J.  Banta,  chief  engineer  of  the  Ohio  Steam  Shovel  &  Dredge  Co.,  Cin- 
cinnati, O.,  has  resigned  his  position  to  accept  a  similar  position  with  the  Vul- 
can Steam  Shovel  Co.,  Toledo,  O. 

Harry  Z.  Bixler  has  entered  the  employ  of  the  Youngstown  Steel  Co., 
Youngstown,  O.,  as  chief  engineer.  Until  recently  he  was  associated  with 
Worth  Brothers  Co.,  Coatesville,  Pa. 

Joseph  B.  Brady  has  resigned  as  assistant  experimental  engineer  of  the  Hess- 
Bright  Manufacturing  Co.,  Philadelphia,  Pa.,  to  take  up  studies  in  electrical 
engineering  at  Purdue  University,  Lafayette,^Ind. 

Joseph  Breslove  recently  associated  with  the  engineering  department  of 
the  Westinghouse  Machine  Co.,  Pittsburg,  Pa.,  has  been  appointed  mechani- 
cal engineer  of  the  Nivison-Weiskopf  Co.,  Cincinnati,  0. 

John  F.  Buckley,  formerly  general  superintendent  of  the  St.  Marys  Machine 
Co.,  St.  Marys,  O.,  has  become  general  manager  of  the  Buckley  Specialty  Co., 
Lima,  O. 

Carl  F.  Dietz  of  the  firm  of  Dietz  &  Kaeiy,  Boston,  Mass.,  has  returned  from 
Europe. 

John  A.  Doane,  formerly  superintendent  of  shops  of  the  Taylor  Iron  &  Steel 
Co.,  High  Bridge,  N.  J.,  is  now  associated  with  the  American  Optical  Co., 
Southbridge,  Mass.,  in  a  similar  capacity. 

Henry  L.  Dohurty  has  resigned  as  president  of  the  American  Gas  &  Electrical 
Co     He  remains  a  director. 
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A.  Hartill-Lavv,  lias  been  elected  Mayor  of  Cairns,  North  Queensland, 

J.  E.  Johnson,  Jr.,  until  recently  general  superintendent  of  the  Thomas  Di- 
vision of  the  Republic  Iron  &  Steel  Co.,  Thomas,  Ala.,  has  accepted  a  position 
with  the  Lake  Superior  Iron  &  Chemical  Co.,  Ashland,  Wis.,  as  manager. 

Edward  J.  Kunze,  formerly  instructor  in  steam  and  gas  engineering,  Uni- 
versity of  Wisconsin,  Madison,  Wis.,  has  been  appointed  assistajit  professor 
of  mechanical  engineering  at  the  Michigan  Agricultural  College,  East  Lansing, 
Mich. 

A.  Lebrecht  has  resigned  his  position  as  chief  engineer  of  the  gas  and  oil 
engine  department  of  the  De  La  Vergne  Machine  Co.,  New  York,  N.  Y.,  and 
has  opened  an  office  as  consulting  engineer  in  Nuremberg,  Germany. 

Ralph  D.  Mershon  was  elected  president  of  the  Alumni  Association  of  the 
Ohio  State  University  for  the  ensuing  year. 

Arthur  F.  Pitkin  has  accepted  a  position  with  the  General  Electric  Co., 
Schenectady,  N.  Y.,  as  assistant  to  the  mechanical  superintendent.  He  was 
formerly  standard  practice  engineer  of  the  automobile  department  of  the 
American  Locomotive  Co.,  Providence,  R.  I. 

^  H.  F.  J.  Porter  has  been  engaged  during  the  past  summer  in  an  investigation 
of  hygienic  conditions  and  their  effect  on  the  efficiency  of  the  employees  in  man- 
ufacturing establishments  in  Pittsburg  for  the  Russell  Sage  Foundation. 

L.  R.  Shallenberger,  until  recently  superintendent  of  construction  for  the 
Griffin  Wheel  Co.,  with  headquarters  at  Chicago,  111.,  has  opened  an  office  in 
Paonia,  Colo.,  for  general  engineering  work. 

P.  S.  Steenstrup,  formerly  general  sales  manager  of  the  Hyatt  Roller  Bearing 
Co.,  Harrison,  N.  J.,  also  secretary  and  director  of  the  Motor  and  Accessory 
Manufacturers,  has  incorporated  the  Wayne  Pacific  Distributing  Co.,  with 
general  office  in  Medford,  Ore.,  and  with  warehouses  in  Portland,  Ore.,,  and 
San  Francisco,  Cal. 

H.  Struckmann,  until  recently  chief  engineer  and  general  manager  of  the 
Union  Sand  &  Material  Co.,  St.  Louis,  Mo.,  has  become  associated  with  the 
lola  Portland  Cement  Co.,  lola,  Kansas,  in  a  similar  capacity. 

James  W.  Thomas,  formerly  of  the  engineering  staff  of  Westinghouse,  Church, 
Kerr  &  Co.,  New  York,  has  been  appointed  mechanical  engineer  of  the  New 
England  Engineering  Co.,  New  York. 
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This  list  Includes  only  accessions  to  the  library  of  this  Society,  Included  In  the  Engineering 
Llbrary.^Llsts  of  accessions  to  the  libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  E.  can  be  secured  on 
request  from  Calvin  W.  Rice,  Secretary,  Am.  Soo.  M.  E. 

L'Aerophile.    Years  16  and  17,  Nos.  1-21,  23-24.    Paris,  1908-09.    Gift  of  A. 

W.  H.  Griepe. 
Boiler  Troubles  and  their  Treatment.      By   George   W.   Lord.     Phila- 
delphia, 1910.^ 
Catalogue  Officiel  des  Collections  du  Conservatoire  National  des 

Arts  et  Metiers.    Pts.  4  and  6, 1908, 1910.    Paris,  1908, 1910.    Gift  of  Con- 
servatoire National  des  Arts  et  Metiers. 
Colorado  Scientific  Society.    Yearbook,  1882-1910.    Denver,  1910.    Gift  of 

the  society. 
CoNGRiis  (Premier)  International  du  Froid,  Paris,  1908.   Comptes  Rendus. 

Vols.  1-3.    Paris,  1908. 
The  Engineer.    Published  by  the  Engineering  Students  of  the  Pennsylvania 

State  College.    Vol.  3.    No.  3.    April  1910. 
Illinois  Society  of  Engineers  and  Surveyors.   Twenty-fifth  annual  report. 

1910.    Chicago,  1910.    Gift  of  the  society. 
EiN  Jahr  Verband  Deutscher  Diplom-Ingenieure.    By  Alexander  Lange. 

Sonderabdruck  Zeit.  des  Verbandes  Deutscher  Diplom-Ingenieure,  pt.  16, 

1910.    Berlin.    Gift  of  the  author. 
McGiLL  College  and  University.    Annual  Calendar,  1910-1911.    Montreal, 

1910.    Gift  of  the  university. 
Metallographie.    By  W.  Guertler.    Vol.  1.    No.  4.    Berlin,  Borntraeger,  1910. 
Motor  Union  Journal.    Vol.  2.    No,  6.    July  1910.    London,  1910. 
Ohio  Electric  Light  Association.     Programme,  16th  annual  convention, 

July  26-28,  1910,  Cedar  Point,  Ohio. 
Organ  FtJR  die  Fortschritte  des  Eisenbahnwesens.    General  Index.    Vol. 

1-44.    1864-1907.    Wiesbaden,  1873-1908. 
Pennsylvania,  Colonial  and  Federal.    A  History.    1608-1900.    Edited  by 

H.  M.  Jenkins.    Philadelphia,  1902. 
Resistance  db  L'Air.    By  G.  Eiffel.    Paris,  1910.^  Gift  of  the  author. 

SCHWEIZERISCHER     InGENIEUR     UND     ArCHITEKTENVEREIN     MiTGLIEDERVER- 

zeichnis.    1909.    Zurich,  1909.    Gift  of  the  society. 

Society  for  the  Promotion  of  Engineering  Education.  List  of  the  Officers 
and  Members,  April,  1910. 

Society  of  Engineers  of  Eastern  New  York.  List  of  Members,  1910.  Al- 
bany, 1910.    Gift  of  the  society. 

1  Corrected  Title.    Published  Incorrectly  In  The  Journal  for  July. 
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Technik  und  Wirtschaft.  Yr.  1,  pts.  1-5,  7-12.  Berlin,  1908.  Gift  of  A.  W. 
H.  Griepe. 

Techniker  in  der  modernen  Staatswirtschaft.  By  Alexander  Lang. 
Sonderabdruck  aus  dem  Zeit.  des  Verbandes  Deutscher  Diplom-Ingen- 
ieure,  Pt.  1,  1910.    Berlin.    Gift  of  the  author. 

Traveling  Engineers  Association.  Report  of  18th  annual  meeting  Niagara 
Falls,  Can.,  Aug.  16-18,  1910.    Gift  of  the  association. 

James  Watt's  Contribution  to  the  Advancement  of  Engineering.  By 
Robert  Caird.  From  Papers  of  the  Greenock  Philosophical  Society.  Green- 
ock, 1910.    Gift  of  the  author. 

Wisconsin  Gas  Association.    Proceedings.    1910.    Milwaukee,  1910. 


exchanges 

American  Society  op  Civil  Engineers.  Transactions.  Vol.  68.  New  York, 
1910. 

Institution  of  Civil  Engineers.  Minutes  of  Proceedings.  Vol.  180.  Lon- 
don, 1910. 

Jigs  and  Fixtures.    By  Einar  Morin.    Pts.  1-3.    New  York,  1909. 

Memorial  du  Genie  Maritime.  Ministere  de  la  Marine.  Dec.  1908,  May  and 
June  1910.    Pans,  1910. 

National  Association  of  Cotton  Manufacturers.  Transactions.  No.  85. 
Boston,  1909. 

TRADE   CATALOGUES 

Allis-Chalmers  Co.,  Milwaukee,  Wis.    Bull.  No.  1054.    Steam  Turbines  and 

Generators,  43  pp. 
H.  G.  Barr,  Worcester,  Mass.    Multiple  spindle  sensitive  drilling  machines, 

2  pp;  Drilling  and  tapping  machines,  1  p. 
Brown  Hoisting  Machinery  Co.,  Cleveland,  0    Modern  ore  and  coal  handling 

machinery,  80  pp. 
Cleveland  Automatic  Machine  Co.,  Cleveland,  0.     Automatic  machines, 

attachments  and  tools,  114  pp. 
Consolidated  Safety  Valve  Co.,  New  York.     Safety  valve  capacity  with 

tables  of  capacities  of  safety  valves,  by  P.  G.  Darling,  31  pp. 
Hess-Bright  Mfg.  Co.,  Phila,  Pa.    Adapter  bearings  for  radial  loads  on  line 

shafts,  1  p;  Marine  propeller  ball  bearing  thrust  block,  1  p. 
Ideal  Electric  &  Mfg.  Co.,  Mansfield,  0.    Bull.  No.  1051.    Revolving  field 

alternators,  11  pp. 
Johns-Manville  Co.,  New  York.    Roofing  Salesman,  Aug.  1910,  8  pp. 
Link-Belt  Co.,  Phila,  Pa.     Peck  carrier  for  conveying  of  coal  and  ashes  in 

power  houses,  96  pp. 
National  Electric  Lamp  Assoc.,' Cleveland,  0.    Bull.  9  A.    Cost  of  Light,  by 

S.  E.  Doane,  19  pp;  Bull.  12.  Electric  Lighting  of  Automobiles,  23  pp. 
Niles-Bement-Pond  Co.,  New  York.  Progress  Reporter,  June  1910,  20  pp. 
Joseph  T.  Ryerson  Co.,  New  York.    Stock  list  of  iron  and  steel  supplies,  144 

PP- 
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Underfeed  Stoker  Co.  op  America,  Chicago,  III.  Publicity  Magazine,  July 
and  August,  30  pp. 

Veeder  Mfg.  Co.,  Hartford,  Conn.  Odometers  and  tachodometers  for  auto- 
mobiles, 15  pp;  Counters  for  machines,  cash  registers,  and  other  automatic 
machines,  31  pp;  Castings,  14  pp;  Cyclometers  for  bicycles  and  motorcy- 
cles, 16  pp. 

Watson-Stillman  Co.,  New  York.    Twin  volute  turbine  pumps,  76  pp. 

Wheeler  Condenser  &  Engrg.  Co.,  Carteret,  N.  J.  Bull.  106.  High  vacuum 
surface  condensers  for  steam  turbines,  19  pp. 

R.  D.  Wood  &  Co.,  Phila,  Pa.  Theissen  patent  centrifugal  contra-flow  gas 
washer,  23  pp. 

UNITED  ENGINEERING  SOCIETY 

/ 

Engineering  Record.    Vol.  24.    New  York,  1891. 

Kansas  Gas,  Water,  Electric  Light  &  Street  Railway  Association.    12th 

annual  meeting,  Wichita,  Kan.,  Sept.  23-24,  1909.    Gift  of  the  association. 
Michigan  Gas  Association.  Proceedings  of  the  18th  annual  meeting,  1909. 

Gift  of  the  association. 
Municipal  Engineering.    Vols.  22-23.    New  York,  1902. 
Sanitary  Engineer.    Vols.  12,  16.    New  York,  1885.  1887. 
Statement  of  Facts   Concerning  the  so-called  Barcroft  Appraisal  of 

the  Detroit  United  Railway  Lines  in  the  City  of  Detroit,  August 

1910.    Gift  of  R.  B.  Rifenberiok, 
Statesman's  Yearbook,  1910.    London,  Macmillan  &  Co.,  1910. 
Surveyors  Institution.    List  of  Members,  1910.    West7ninsfer,  1910.    Gift  of 

the  institution. 


EMPLOYMENT  BULLETIN 

The  Society  has  always  considered  It  a  special  obligation  and  pleasant  duty  to  be  the  medium 
of  securing  better  positions  for  its  members.  The  Secretary  gives  this  his  personal  attention 
and  is  most  anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are 
not  repeated  except  upon  special  request.  Copy  for  notices  in  this  Bulletin  should  be  received 
before  the  12th  of  the  month.  The  list  of  men  available  is  made  up  of  members  of  the  Society 
and  these  are  on  file,  with  the  names  of  other  good  men  not  members  of  the  Society,  who  are 
capable  of  filling  responsible  positions.      Information  will  be  sent  upon  application. 

POSITIONS  AVAILABLE 

047  Wanted  by  foundry  and  machine  company  near  New  York  several  cap- 
able estimators  and  draftsmen.  Opportunities  to  advance  in  engineering  de- 
partment or  to  other  departments. 

048  High  grade  designing  draftsman  with  large  experience  in  steam  engineer- 
ing practice,  for  a  permanent  position  with  large  manufacturing  concern  in 
Massachusetts.    State  age,  education,  experience  and  salary  expected. 

049  Instructor,  machine  drawing  and  design.  Initial  salary  $1000  to  $1200 
for  seven  months,  promotion  assured  to  right  man.  Candidate  should  have 
good  experience  in  shop  and  drafting  room.  Department  M.  E.,  School  of 
Mining,  Kingston,  Ont.,  Canada. 

050  A  young  man  to  assist  in  engineering  department,  $850  for  the  college 
year  to  start.  Should  have  some  drafting  room  experience,  besides  a  college 
degree;  work  involves  gas  engine  design.  Would  prefer  to  have  man  who  has 
had  some  experience  in  this  line.     University  of  Minnesota. 

MEN  AVAILABLE 

116  Mechanical  engineer,  practical  technical  graduate,  at  present  employed 
as  factory  superintendent  in  an  eastern  manufacturing  concern,  would  con- 
sider an  opening  in  a  similar  capacity  or  in  general  engineering  work. 

117  Member,  technical  graduate,  charge  of  large  shops  as  superintendent 
and  manager,  also  estimating  cost  systems,  correspondence,  etc.,  thorough 
experience  in  design,  construction  and  economical  operation  of  power  and  manu- 
facturing plants.  Several  years  experience  as  sales  manager  Corliss  engines; 
also  as  general  sales  manager  Water  Tube  Boilers.  Desires  position  with  chance 
to  secure  an  interest.  Engaged  in  special  work  at  present  but  desires  perma- 
nency. 
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118  Member,  age  35,  practical  mechanic,  technical  education  Cornell  Uni- 
versity, desires  position  as  general  superintendent  or  works  manager,  good 
hustler  and  organizer.    Experience  with  the  heaviest  class  of  machinery. 

119  Mechanical  engineer,  graduate  of  M.  I.  T.,  five  years  practical  experi- 
ence, three  years  chief  engineer  manufacturing  concern,  desires  a  responsible 
position  with  good  opportunities  for  advancement.    At  present  employed. 

120  Mechanical  engineer,  fourteen  years  experience,  heating,  ventilating, 
power  plant,  gas  engine  and  gas  producer,  machine  tools;  general  engineering 
experience  covers  shop,  drafting  room,  selling  and  experimental  station,  fac- 
tory methods  and  system.  Inventive  and  executive  ability;  speaks  English, 
German  and  French.    Salary,  $2000.    New  York  City  or  vicinity. 

121  Junior,  30,  seven  years  as  draftsman  and  designer  of  gas  engines,  large 
units,  mining  and  special  machinery.  One  year  systematizer,  six  months  as- 
sistant master  mechanic  over  maintenance  gang  of  one  hundred;  six  months 
secretary  of  refrigerating  air-machine  company.  Has  executive  ability,  suc- 
cessful with  help,  adaptable,  ingenious,  resourceful. 

122  Young  engineer,  Stevens  graduate;  specialized  in  power  plant  equip- 
ment, condensers  and  cooling  towers,  desires  position  leading  to  administra- 
tive responsibility. 

123  Young  engineer,  Stevens  graduate.  Recently  assistant  to  consulting 
civil  engineer.  Would  like  position  with  manufacturing  concern.  Junior 
Member. 

124  Member,  30  years  experience,  designing,  constructing,  selling  and  in- 
stalling general  machinery  for  factories,  railroads  and  sugar  plantations,  in 
Cuba,  Mexico  and  South  America,  desires  position  of  responsibility  with  com- 
pany requiring  service  of  experienced  mechanical  engineer.  Speaks  Spanish 
and  is  familiar  with  export  business. 

125  Junior  Member,  technical  graduate,  eight  years  experience  in  engi- 
neering and  manufacturing,  at  present  chief  draftsman  in  large  manufac- 
turing concern  in  Michigan,  desires  position  in  the^East. 

126  Member  having  extensive  executive  and  mechanical  experience  de- 
sires to  secure  a  position  in  Greater  New  York  as  sales  or  purchasing  engi- 
neer; large  experience  in  designing,  selling  and  buying  sugar  machinery. 


CHANGES  IN  MEMBERSHIP 

CHANGES  OF  ADDRESS 

ABRAHAMS,  M.  Landa  (Junior,  1910),  U.  S.  Engr.'s  Office,  Federal  BIdg., 

Chicago,  111. 
ADAMS,  Edward  T.  (1899),  Milwaukee  Club,  Milwaukee,  Wis. 
ADAMS,  Kilburn  E.  (Junior,  1908),  Mech.  Engr.,  Boston  &  Albany  R.  R.,  Rm. 

372,  South  Sta.,  Boston,  and  for  mail,  629  Watertown  St.,  Newtonville, 

Mass. 
AHRNKE,  H.  P.  (Junior,  1902),  Barrett  Mfg.  Co.,  17  Battery  PL,  New  York, 

N.  Y. 
AITE,  Joseph  E.  (1899),  Snow  Steam  Pump  Wks.,  Buffalo,  N.  Y. 
AUTENRIETH,  George  C.  (Junior,  1908),  Instr.,  Descriptive  Geometry  and 

Drawing,  College  of  the  City  of  N.  Y.,  New  York,  N.  Y.,  and /or  inail,  5 

Duer  PL,  Highwood  Park,  Weehawken,  N.  J. 
BANTA,  Earle  Jackson  (1907),  Ch.  Engr.,  Vulcan  Steam  Shovel  Co.,  Toledo, 

O. 
BENNET,  Orville  G.,  Jr.  (Junior,  1907),  Okonite  Co.,  253  Broadway,  New 

York,  N.  Y. 
BLAKE,  Clinton  F.  (1901),  R.  F.  D.  6,  Box  112,  Oregon  City,  Clackamass  Co., 

Ore. 
BRADY,  Joseph  Benjamin  (Junior,  1910),  218  Fowler  Ave.,  West  Lafayette, 

Ind. 
BRAMAN,  Samuel  N.  (Junior,  1902),  10  Newbury  St.,  Boston,  Mass. 
BUCKLEY,  John  Francis  (1906),  Genl.  Mgr.,  Buckley  Specialty  Co.,  Lima,  O 
DAMON,  Walter  Henry  (1909),  Supt.  of  Generating,  United  Elec.  Light  Co., 

32  Bancroft  St.,  Springfield,  Mass. 
DAY,  Charles  (Junior,  1902),  Member  of  Firm,  Dodge,  Day  &  Zimmermann, 

Engrs.,  Wash.  Bldg.,  608  Chestnut  St.,  Philadelphia,  and  5021  Schuyler 

St.,  Germantown,  Philadelphia,  Pa. 
DOANE,  John  Appleton  (1910),  Supt.  of  Mch.  Shops,  Am.  Optical  Co.,  South- 
bridge,  Mass. 
DODGE,  Kern  (Junior,  1902),  Member  of  Firm,  Dodge,  Day  &  Zimmermann, 

Engrs.,  Wash.  Bldg.,  608  Chestnut  St.,  Philadelphia,  and  5135  Pulaski 

Ave.,  Germantown,  Philadelphia,  Pa. 
DREYFUS,  Theo.  Frank  (Junior,  1903),  895  W.  Bancroft  St.,  Toledo,  0. 
EVANS,  Henry  O.  (1896),  Contr.  and  Designing  Engr.  of  Special  Mchy.,  566 

Drexel  Bldg.,  Philadelphia,  Pa. 
FLAGG,  Stanley  G.,  Jr.  (1891),  S.  G.  Flagg  &  Co.,  Morris  Bldg.,  1421  Chest- 
nut St.,  Philadelphia,  Pa. 
FLETEMEYER,  Louis  H.  (Junior,  1906),  Ch.  Draftsman,  Canada  Fdy.  Co.. 

Ltd.,  and/o?-  mail.  519  Brock  Ave.,  Toronto,  Ont.,  Canada. 
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FROST,  Harwood  (1910),  1636  Monadnock  Blk.,  Chicago,  111. 

GREUL,  W.  Herman  (1907),  Otis  Elev.  Co.,  17  Battery  PL,  New  York,  N.  Y. 

HAGAR,  Arthur  Percy  (Associate,  1907),  Engr.,  Marine  Dept.,  Safety  Car 

Htg.  &  Ltg.  Co.,  206  Erie  St.,  Jersey  City,  and /or  mail,  716  Cliften  Ave., 

Newark,  N.  J. 
HANSEN,  T.  H.  C.  (1905),  Wire  Specialty  Wks.,  549  Fulton  St.,  and /or  mail, 

2429  Leland  Ave.,  Chicago,  111. 
HAZELTON,  William  S.  (1909),  247  Hancock  Ave.,  E.,  Detroit,  Mich. 
HENDERSON,  Geo.  R.  (1890),  Cons.  Mech.  Engr.,  500  N.  Broad  St.,  Phila- 
delphia, Pa. 
HENES,  Harry  W.  (Junior,  1909),  A.  Bolter's  Sons,  Structural  Steel,  Rm.  612, 

84  La  Salle  St.,  Chicago,  111. 
HIBBARD,  H.  Wade  (1891;  1894),  Prof.  Mech.  Engrg.,  Univ.  of  Mo.,  1307 

Kaiser  Ave.,  Columbia,  Mo. 
HILL,  Alfred  J.  (Associate,  1902),  1330  Castillo  St.,  Santa  Barbara,  Cal. 
JOHNSON,  J.  E.,  Jr.  (1896;  1901),  Mgr.,  Lake  Superior  Iron  &  Chem.  Co., 

Ashland,  Wis. 
KEELY,  Royal  R.  (1901;  1907),  Prof.  Elec.  Engrg.,  Nova  Scotia  Tech.  College, 

Halifax,  N.  S. 
KING,  Roy  Stevenson  (1904;  1910),  252  Jefferson  St.,  Valparaiso,  Ind. 
KUNZE,  Edward  J.  (1907),  Asst.  Prof.  Mech.  Engrg.,  Michigan  Agri.  College, 

East  Lansing,  Mich. 
LANGLOTZ,  Robert  (1894;  Associate,  1904),  78  Delevan  St.,  and /or  mail,  396 

Third  St.,  Brooklyn,  N.  Y. 
LARNER,  Chester  W.  (Associate,  1907),  Hyd.  Engr.,  Wellman-Seaver-Mor- 

gan  Co.,  Cleveland,  O. 
LAUER,  Conrad  N.   (Associate,  1903),  Mgr.,  Dodge,  Day  &  Zimmermann, 

Wash.  Bldg.,  608  Chestnut  St.,  and  2217  Estaugh  St.,  Philadelphia,  Pa. 
LEBRECHT,  A.  (1910),  Cons.  Engr.,  Hefnersplatz  3,  and  Bayrentherstrasse 

22,  Nuremberg,  Germany. 
LEEPER,  Ralph  W.  (Junior,  1908),  Genl.  Elec.  Co.,  Provident  Bank  Bldg., 

Cincinnati,  O. 
LEVIN,  Arvid  Michael  (1894),  Mech.  Engr.,  864  Monadnock  Bldg.,  Chicago, 

111. 
LINDSAY,  W.  Edward  (1895),  Cons.  Engr.,.l  S.  20th  St.,  and /or  mail,  P,  O. 

Box  196,  Birmingham.  Ala. 
MILLER,  Frank  Louis  (Associate,  1907),  Erecting  Engr.,  Southwark  Fdy.  & 

Mch.  Co.,  Philadelphia,  Pa. 
MILNE,  James  (1907),  Cons.  Engr.,  Windsor,  Ont.,  Canada. 
PEDDLE,  John  Bailey  (1909),  Prof.  Mch.  Design,  Rose  Poly.  Inst.,  and  for 

mail,  2117  N.  10th  St.,  Terre  Haute,  Ind. 
PITKIN,  Arthur  Frederick  (Junior,  1907),  Asst.  Mech.  Supt.,  Genl.  Elec.  Co., 

Schenectady,  N.  Y. 
RAY,  David  H.  (Associate,  1904),  Instr.,  College  of  the  City  of  N.  Y.,  140th 

St.  and  Convent  Ave.,  and /or  mail,  329  Edgecomb  Ave.,  New  York,  N.  Y. 
REED,  Edgar  Howard  (Junior,  1905),  Supt.,  Reed  &  Prince  Mfg.  Co.,  Duncan 

Ave.,  and /or  mail,  Wildwood  Ave.,  Worcester,  Mass. 
ROSS,  Charles  Everett  (1900),  Cons.  Engr.,  52  Beaver  St.,  and /or  mail.  Hotel 

Chelsea,  W.  23d  St.,  New  York,  N.  Y. 
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SHALLENBERGER,  Louis  R.  (1895;  1902),  Civ.  and  Mech.  Engr.,  Paonia, 
Colo. 

STREET,  Clement  F.  (1893),  with  firm  of  Clement  F.  Street,  Locomotive  Stok- 
ers, 166  Washington  Ave.,  and /or  7nail,  P.  O.  Box  192,  Schenectady,  N.  Y. 

STRUCIOIANN,  Holger  (1909),  Ch.  Engr.  and  Genl.  Mgr.,  lola  Portland  Ce- 
ment Co.,  lola,  Kan. 

THOMAS,  James  Winthrop  (1905),  Mech.  Engr.,  New  England  Engrg.  Co., 
50  Church  St.,  New  York,  N.  Y. 

TRUELL,  Karl  O.  (Associate,  1906),  Colloseus  Cement  Co.,  26  Beaver  St., 
New  York,  N.  Y. 

TUTTLE,  Irving  E.  (Junior,  1909),  Mech.  Draftsman,  Westinghouse,  Church, 
Kerr  &  Co.,  New  York,  and/or  tnail,  475  Washington  Ave.,  Brooklyn,  N.  Y. 

WEGG,  David  S.,  Jr.  (Junior,  1909),  Telluride  Inst.,  Olmstead,  Provo,  Utah, 
and /or  7nail  (temporarily),  16  E.  Ontario  St.,  Chicago,  111. 

WILDER,  Clifton  W.  (1907),  Elec.  Engr.,  Pub.  Service  Cora.,  154  Nassau  St., 
New  York,  N.  Y. 

WOOLSON,  Ira  H.  (1896),  Cons.  Engr.,  Natl.  Bd.'of  Fire  Underwriters,  135 
William  St.,  New  York,  N.  Y. 

ZIMMERMANN,  John  Edward  (Junior,  1907), ''Member  of  Firm,  Dodge,  Day 
&  Zimmermann,  Engrs.,  Wash.  Bldg.,  608  Chestnut  St.,  Philadelphia,  and 
Willow  Grove,  Pa. 

NEW  MEMBERS 

BLAKESLEE,  Frank  Authur  (1910),  Mech.  Supt.,  Taquah  Min.  and  Explora- 
tion Co.,  Tarkwa,  Gold  Coast  Colony,  West  Africa. 

FEKETE,  Stephen  (Junior,  1910),  29  Spring  Garden  St.,  Edgewood  Sta.,  Prov- 
idence, R.  I. 

LUNDGREN,  Charles  G.  (1910),  M.  M.,  National  Tube  Co.,  and /or  mail,  1018 
W.  8th  St.,  Lorain,  O. 

DEATHS 

CRUIKSHANK,  Barton,  June  27,  1910 
GARBETT,  Joseph,  August  22,  1910 
PORTER,  Charles  T.,  August  28,  1910 
SPIES,  Albert,  August  16,  1910 


GAS  POWER  SECTION 

CHANGES  OF  ADDRESS 

ADAMS,  Edward  T.  (1909),  Mem.Am.Soc.M.E. 
AUE,  Jos.  E.  (1908),  Mem.Am.Soc.M.E. 
MILLER,  Frank  Louis  (1910),  Mem.Am.Soc.M.E. 


STUDENT  BRANCHES 

CHANGES  OF  ADDRESS 

ALLEN,  Chas.  L.  (Student,  1910),  Waterford,  New  York. 

BOHNSTENGEL,  Walter  (Student,  1909),  Dodge  City,  Kansas. 

COLBURN,  B.  V.  (Student,  1910),  911  Marion  Ave.,  Cincinnati,  O. 

COYLE,  J.  F.  (Student,  1909),  353  Wright  St.,  Kingston  Sta.,  Wilkes  Barre, 
Pa. 

FEHR,  Roy  B.  (Student,  1910),  618  Kelly  St.,  Wilkinsburg,  Pa. 

HELLER,  Alfred  (Student,  1909),  Lackawanna  Club,  Lackawanna,  N.  Y. 

HILFORD,  V.  H.  (Student,  1909),  Box  488,  Caney,  Kansas. 

HODGSON,  J.  H.  S.  (Student,  1910),  89  Douglas  St.,  Hammond,  Ind. 

JACOBSEN,  C.  H.  (Student,  1910),  432  64th  Ave.,  West  Allis,  Wis. 

JAHNKE,  Chas.  B.  (Student,  1910),  care  Mr.  Northrop,  Church  St.,  Beloit, 
Wis. 

JANDA,  Jas.  F.  (Student,' 1909),  Y.  M.  C.  A.  Bldg.,  Aurora,  111. 

KERR,  George  W.  (Student,  1910),  618  Kelly  St.,  Wilkinsburg,  Pa. 

KONSTANKEWICZ,  M.  J.  (Student,  1910),  116  W.  5th  Ave.,  Gary,  Ind. 

LEHMAN,  Myron  G.  (Student,  1910),  228  Elmwood  Ave.,  Buffalo,  N.  Y. 

LEVY,  M.  S.  (Student,  1909),  care  Mrs.  E.  Stoefler,  Amer.  Shoe  Store,  2  Rue 
du  Quatre,  Paris,  France. 

LOHSE,  A.  W.  (Student,  1909),  3249  S.  Park  Ave.,  Chicago,  111. 

MANSFIELD,  W.  M.  (Student,  1909),  312  Ferdinand  Ave.,  Detroit,  Mich. 

MATTHAI,  A.  D.  (Student,  1910),  1  Monroe  PL,  Brooklyn,  N.  Y. 

MERRIAM,  Frank  E.  (Student,  1910),  815  South  Ave.,  Wilkinsburg,  Pa. 

MOBLEY,  Roy  H.  (Student,  1910),  1933  Market  St.,  Philadelphia,  Pa. 

MONTGOMERY,  Stafford  (Student,  1910),  Strafford,  Chester  Co.,  Pa. 

NIXDORFF,  S.  P.  (Student,  1909),  773  State  St.,  Schenectady,  N.  Y. 

PHILLIPS,  Ernest  C.  (Student,  1910),  Box  712,  Gary,  Ind. 

POLHEMUS,  D.  A.  (Student,  1910),  1106  Carnegie  Bldg.,  Pittsburg,  Pa. 

PRIESTER,  HENRY  (Student,  1909),  21  Essex  St.,  Hackensack,  N.  J. 

REYNOLDS,  Herbert  B.  (Student,  1909),  106  Highland  PL,  Ithaca,  N.  Y. 

SCHLEGEL,  Carl  A.  (Student,  1910),  1005  University  Ave.,  S.  E.,  Minneap- 
olis, Minn. 

SCHULTZ,  A.  F.  (Student,  1910),  1118  Franklin  Ave.,  Wilkinsburg,  Pa. 

SMITH,  Temple  C.  (Student,  1910),  38  Fulton  St.,  Newark,  N.  J. 

STEED,  Arthur  (Student,  1910),  824  Rebecca  St.,  Wilkinsburg,  Pa. 

TRANE,  R.  N.  (Student,  1910),  106  Lincoln  Ave.,  Milwaukee,  Wis. 

WERNICK,  F.  E.  (Student,  1909),  1110  13th  St.,  Moline,  111. 

WHEDBEE,  Edgar  (Student,  1909),  190  S.  O.^ford  St.,  Brooklyn,  N.  Y. 

WOODS,  Arthur  P.  (Student,  1909),  Turtle  Creek,  Pa. 

YOUNG,  D.  A.  (Student,  1909),  Delagua,  Colo. 


COMING  MEETINGS 

October — November 

Advance  notices  of  annual  and  semi-annual  meetings  of  engineering  societies  are  regularly 
published  under  this  heading  and  secretaries  or  members  of  societies  whose  meetings  are  of 
Interest  to  engineers  are  Invited  to  send  such  notices  for  publication.  They  should  be  in  the 
editor's  hands  by  the  15th  of  the  month  preceding  the  meeting.  When  the  titles  of  papers 
read  at  monthly  meetings  are  furnished  they  will  also  be  published. 

ALABAMA  LIGHT  AND  TRACTION  ASSOCIATION 

November  21-23,  annual  convention,  Anniston,  Ala.    Secy.,  Geo.  S.  Emery. 
AMERICAN  ELECTROCHEMICAL  SOCIETY 

October  13-15,  annual  meeting,  Chicago,  111.     Secy.,  Jos.  W.  Richards, 

Lehigh  University,  Bethlehem,  Pa. 
AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

October  21-November  15,  special  meeting,  Canal  Zone,  S.  A.    Secy.,  Dr. 

Joseph  Struthers,  29  W.  39th  St.,  New  York. 
AlVIERICAN  MINING  CONGRESS 

September  26-October  1,  annual  convention,  Los  Angeles,  Cal.     Managing 

director,  Sidney  Norman. 
AMERICAN  RAILWAY  ASSOCIATION 

November  16,  semi-annual  meeting,  St.  Louis,  Mo.    Secy.,  W.  F.  Allen,  24 

Park  PL,  New  York. 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

October  5,  19,  220  W.  57th  St.,  New  York.     Papers:  October  5,  Tieton 

Canal,  E.  G.  Hopson;  October  19,  The  Reconstruction  of  the  Passenger 

Terminals  at  Washington,  D.  C,  W.  F.  Strouse.    Secy.,  C.  W.  Hunt. 
AJVIERICAN  SOCIETY  OF  MUNICIPAL  IMPROVEMENT 

October  11-16,  annual  convention,  Erie,  Pa.    Secy.,  Prescott  Folwell,  239 

W.  39th  St.,  N.  Y. 
AMERICAN  STREET  AND  INTERURBAN  RAILWAY  ASSOCIATION 

October  10-14,  annual  convention,  Atlantic  City,  N.  J.    Secy.,  H.  C.  Don- 

eckcr,  29  W.  39th  St.,  New  York. 
AMERICAN  RAILWAY  BRIDGE  AND  BUILDING  ASSOCIATION 

Oct.  18-20,  annual  convention,  Fort  Worth,  Ind.    Secy.,  C.  A.  Lichty,  215 

Jackson  Blvd.,  Chicago,  111. 
ILLUMINATING  ENGINEERING  SOCIETY 

October  24,  annual  convention,  Baltimore,  Md.    Secy.,  P.  S.  Millar,  29  W. 

39th  St.,  New  York. 
INTERNATIONAL  CONGRESS  OF  REFRIGERATION 

October  9-12,  University  of  Vienna,  Austria.    Papers:  Constructing  and 

Testing  Refrigeration  Machinery  and  Insulating  Materials,  Application 

of  Refrigeration  to  Food,  Industrial  Refrigeration,  Railway  and  Steam- 
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ship  Refrigeration,  Legislation  and  Administration.  Chairman  of  Com- 
mittee on  Transportation,  F.  W.  Pilsbury,  1660  Monadnock  Block,  Chi- 
cago, 111. 

NATIONAL  ASSOCIATION  OF  RAILWAY  COMMISSIONERS 

November  16-23,  annual  meeting,  Washington,  D.  C.  Reports:  Powers, 
Duties  and  Work  of  State  Railway  Commissions,  Legislation,  Shippers' 
Claims  on  Common  Carriers,  Railway  Service  and  Railway  Accommoda- 
tion, Construction  and  Operating  Expenses  of  Electric  Railways,  Simpli- 
fication of  Railway  Tariffs,  Rates  and  Rate  Making,  Uniform  Classifica- 
tion, Car  Service  and  Demurrage,  Railway  Capitalization,  Safety  Appli- 
ances, Grade  Crossings  and  Trespassing  on  Railroads,  Railroad  Taxes  and 
Plans  for  Ascertaining  the  Fair  Value  of  Railroad  Property,  Amendment  of 
Act  to  Regulate  Commerce,  Delays  Attendant  upon  Enforcing  Orders  of 
State  Railway  Commissions.  Secy.,  Wm.  H.  Connolly,  c/o  Interstate 
Commerce  Commission. 

NATIONAL  MUNICIPAL  LEAGUE 

November  14-18,  annual  meeting,  Buffalo,  N.  Y.  Secy.,  Clinton  Rogers 
Woodruff,  North  American  Bldg.,  Philadelphia,  Pa. 

RAILWAY  SIGNAL  ASSOCIATION 

October  11-13,  annual  meeting,  Richmond,  Va.  Secy.,  C.  C.  Rosenberg, 
Bethlehem,  Pa. 

MEETINGS  IN  THE  ENGINEERING  SOCIETIES  BUILDING 

Date                                 Society                                   Secretary  Time 

October  p.m. 

5    Wireless  Institute S.  L.  Williams 7.30 

5  Empire  State  Gas  and  Electrical  Associa- 

tion  C.  H.  B.  Chapin       All  day 

6  Blue  Room  Engineering  Society W.  D.  Sprague 8.00 

11     American  Society  of  Mechanical  Engineers.  .C.  W.  Rice 8.15 

13  Illuminating  Engineering  Society P.  S.  Millar 8.15 

14  American  Institute  of  Electrical  Engineers. R.  W.  Pope 8.00 

18    New  York  Telephone  Society T.  H.  Lawrence 8.00 

19,  20,  21  American  Gas  Institute A.  B.  Beadle All  day 

21    New  York  Railroad  Club H.  D.  Vought 8.15 

26    Municipal  Engineers  of  New  York CD.  Pollock 8. 15 

November 

2  Wireless  Institute S.  L.  Williams 7.30 

3  Blue  Room  Engineering  Society W.  D.  Sprague 8.00 

8    American  Society  Mechanical  Engineers C.  W.  Rice 8.15 

10  Illuminating  Engineering  Society P.  S.  Millar 8.15 

11  American  Institute  of  Electrical  Engineers. R.  W.  Pope 8.00 

15  New  York  Telephone  Society T.  H.  Lawrence 8.00 

17-18  Society   of   Naval   Architects   and   Marine 

Engineers W.  J.  Baxter All    day 

18    New  York  Railroad  Club H.  D.  Vought 8. 15 

23    Municipal  Engineers  of  New  York CD.  Pollock 8.15 


CURRENT  BOOKS 

The  Railway  Library  1909.  A  Collection  of  Noteworthy  Chapters,  Addresses 
and  Papers  Relating  to  Railways,  Mostly  Published  during  the  Year. 
Compiled  and  Edited  by  Slason  Thompson.  Chicago,  The  Gunihorp-War- 
ren  Printing  Co.,  1910.    Cloth,  8vo,  403  pp. 

Contents:  Introduction;  Pre- Railway  Era  in  America,  by  F.  A.  Cleveland  and  F.  W.  Powell;  First 
Annual  Report  of  the  Chief  Engineer  of  the  Pennsylvania  Railroad  Company,  by  J.  Edgar  Thomp- 
son; Railways  and  the  Pacific  Northwest,  by  James  J.  Hill;  Southern  Railways  and  their  Needs, 
by  John  F.  Wallace;  Problems  confronting  American  Railways,  by  Daniel  Willard;  The  Railroad 
Situation  of  To-day,  by  Frank  Trumbull;  Transportation  Charge  and  Prices,  by  Logan  G.  McPher- 
son;  The  Freight  Rate  Primer,  issued  by  the  N.  Y.  C.  &  H.  R.R.R.  Co.;  Progressive  Safety  in  Rail- 
way Operation,  by  A.  H.  Smith;  Railway  Mail  Pay,  by  Julius  Kruttschnitt;  The  Diminished  Pur- 
chasing Power  of  Railway  Earnings,  by  C.  C.  McCain;  The  Railroads  and  Public  Approval,  by 
Edward  P.  Ripley;  Railroads  and  the  Public,  by  JohnC.  Spooner;  Railroad  Problems  of  Today, 
by  J.  B.  Thayer;  The  Relation  of  the  Railroads  to  the  State,  by  W.  M.  Acworth;  Railway  Nation- 
alization, by  Sir  George  S.  Gibb;  Concerning  Advances  in  Railway  Rates,  by  the  Senate  Committee 
on  Interstate  Commerce,  1909;  Statistics  of  American  Railways  for  1909,  by  Slason  Thompson. 

High-Speed  Steel.  The  Development.  Nature,  Treatment  and  Use  of  High- 
Speed  Steels,  together  with  some  Suggestions  as  to  the  Problems  involved 
in  their  Use.  By  O.  M.  Becker.  New  York,  McGraw-Hill  Book  Co.,  1910. 
Cloth,  8vo,  360  pp.,  Price,  $4  net. 

Contents:  Introduction;  Section  I.  The  Development  and  Nature  of  High-Speed  Steels;  Sec- 
tion II.  Making  the  Steels  and  the  Tools ;  Section  III.  The  Tool  at  Work;  Section  IV.  The  New 
Requirements;  Section  V.  Problems  Involved  in  the  Use  of  High-Speed  Steels;  Section  VI.  Ap- 
pendices. 

Factory  Organization  and  Administration.  By  Hugo  Diemer.  New  York, 
McGraw-Hill  Book  Co.,  1910.    Cloth,  8vo,  317  pp..  Price,  $3  net. 

Contents:  Industrial  Engineering;  The  Economic  Theory  of  Factory  Location;  The  Planning 
of  Factory  Buildings  and  the  Influence  of  Design  on  their  Productive  Capacity;  Staff  and  Depart- 
mental Organization ;Executive  Control  in  the  Factory;  Departmental  Reports;  The  General  Office; 
The  Order  Department;  Bills  of  Material;  The  Drafting  Department;  The  Pattern  Department; 
Stores  and  Stock  Departments;  The  Production  Department;  Foundry  Systems;  The  Machine 
Shop  and  Tool  Department;  Shipping  and  Receiving  Departments;  Time  Taking;  Cost  Depart- 
ment; Aids  in  Taking  Inventory;  Inspection  Methods  in  Modern  Machine  Shops;  Employment  of 
Labor  and  Labor  Problems;  Wage  Systems;  The  Fixing  of  Piece  Work  Rates;  Principles  Underly- 
ing Good  Management;  A  Bibliography  of  Works  Management. 

Compressed  Air.  Theory  and  Cornputations.  By  Elmo  G.  Harris.  New  York, 
McGraw-Hill  Book  Co.,  1910.    Cloth,  8vo,  123  pp..  Price  $1.50. 

Contents:  Formulas  for  Work;  Measurement  of  Air;  Friction  in  Air  Pipes;  Hydraulic  and  Cen- 
trifugal Air  Compressors;  Special  Applications  of  Compressed  Air;  The  Alr-Llft  Pump;  Examples 
and  Exercises;  Plates  and  Tables;  Appendices. 


OFFICERS  AND  COUNCIL 

PRESIDENT 
George    Westinghouse Pittsburg,    Pa. 

VICE-PRESIDENTS 

Geo.  M.  Bond Hartford,  Conn. 

R.  C.  Carpenter Ithaca,  N.  Y. 

F.    M.    Whyte New   York 

Terms  expire  at  Annual  Meeting  of  1910 

Charles  Whiting  Baker New  York 

W.  F.  M.  Goss Urbana,  111. 

E.  D.Meier New  York 

Terms  expire  at  Annua!  Meeting  of  1911 

PAST -PRE  SI  DENTS 

Members  of  the  Council  for  1910 

John   R.   Freeman Providence,    R.    I. 

Frederick  W.   Taylor Philadelphia,   Pa. 

F.  R.   HuTTON New   York 

M.  L.  Holm  AN St.  Louis.  Mo. 

Jesse  M.  S.viith New  York 

MANAGERS 

Wm.   L.    Abbott Chicago,    111. 

Alex.  C.  Humphreys New  York 

Henry  G.  Stott New  York 

Terms  expire  at  Annual  Meeting  of  1910 

H.  L.  Gantt New  York 

I.  E.  MouLTROP Boston,  Mass. 

W.  J.  Sando Milwaukee,  Wis. 

Terms  expire  at  Annual  Meeting  of  1911 

J.  Sellers  Bancroft Philadelphia,  Pa. 

James  Hartness Springfield,   Vt. 

H.  G.  Reist Schenectady,  N.  Y. 

Terms  expire  at  Annual  Meeting  of  1912 

TREASURER 
William   H.   Wiley New  York 

CHAIRMAN  OF  THE  FINANCE  COMMITTEE 
Arthur  M.  Waitt New  York 

HONORARY   SECRETARY 
F.  R.  HuTTON New  York 

SECRETARY 
Calvin  W.  Rice 29  West  39th  Street,  New  York 

[1G84) 


EXECUTIVE  COMMITTEE  OF  THE  COUNCIL 


Alex.  C.  HaMPHRETs,  Chairman 
Chas.  Whiting  Baker,  V ice-Chairman 

F.  M.  Whytb 


F.  R.  HuTTOM 
H.  L.  Gantt 


STANDING  COMMITTEES 

FINANCE 

Arthur  M.  Waitt  (5),  Chairman  Robert  M.  Dixox  (3),  Vice-Chairman 

Edward  F.  ScHxacK  (1)  Geo.  J.  Roberts  (2) 

Waldo  H.  Marshall  (4) 


HOUSE 
William  Carter  Dickerman  (1),  Chairman 
Bernard  V.  Swenson  (2) 

H.  R.  Cobleiqh  (5) 


Francis  Blossom  (3) 
Edward  Van  Winkle  (4) 


LIBRARY 
John  W.  Lieb,  Jr.  (3),  Chairman 
A.mbrose  Swasev  (1) 

Alfred  Noble  (5) 


Leonard  Waldo  (2) 
Chas.  L.  Clarke(4) 


MEETINGS 
Willis  E.  Hall  (5),  Chairman 
Wm.  H.  Bryan  (1) 

H.  DE  B.  Parsons  (4) 


L.  R.  Pomeroy  (2) 
Chas.  E.  Lucke  (3) 


MEMBERSHIP 

Charles  R.  Richards  (1),  Chairman 
Francis  H.  Stillman  (2) 

Thbo.  Stebbins  (5) 


George  J.  Foran  (3) 
HosEA  Webster  (4) 


PUBLICATION 

D.  S.  Jacobus  (1),  Chairman 
H.  F.  J.  Porter  (2) 

Geo.  M.  Basford  (5) 


Fred  R.  Low  (3) 
Geo.  I.  Rockwood  (4) 


RESEARCH 
W.  F.  M.  Goss  (4),  Chairman 
R.  C.  Carpe  ter     (1) 

Jas.  Christie  (5) 


R.  H.  Rice  (2) 
Ralph  D.  Mershon  (3) 


Note — Numbers  In  parentheses  Indicate  number  of  years  the  member  has  yet  to  serve 
[1685] 


SPECIAL  COMMITTEES 


1910 

On  a  Standard  Tonnage  Basis  for  Refrigeration 


D.  S.  Jacobus 
A.  P.  Trautwein 


John  E.  Sweet 


g.  t.  voorhbes 
Philip  Db  C.  Ball 


E.  F.  Miller 
On  Society  History 

Chas.  Wallace  Hunt 


On  Constitution  and  By-Laws 
Chas.  Wallace  Hunt,  Chairman 
G.  M.  Basford 

Jesse  M.  Smith 

On  Conservation  of  Natural  Resources 


H     H.   SUPLEB 


F.  R.  Hutton 
D.  S.  Jacobus 


Geo.  F.  Swain,  Chairman 
Charles  Whiting  Baker 


L.    D.    BURLINGAMB 
M.    L.    HOLMAN 


Calvin  W.  Rice 


On  Identification  of  Power  House  Piping 


H.  G.  Stott,  Chairman 
W.  H.  Bryan 


I.  E.  Moultrop 
H.  P.  Norton 


J.  T.  Whittlesey 


On  International  Standards  for  Pipe  Threads 
E.  M.  Herr,  Chairman  Geo.  M.   Bond 

William  J.  Baldwin  Stanley  G.  Flagg,  Jr. 


On  Standards  for  Involute  Gears 
Wilfred  Lewis,  Chairman 
Hugo  Bilgram 

Gaetano  Lanza 

Nominating  Committee 
Robert  M.  Hunt,  Chairman 
Geo.  M.  Basford 

W.  H.  V.  Rosing 


D.  S.  Jacobus,  Chairman 
Edward  T.  Adams 
George  H.  Barrus 


On  Power  Tests 
L.  P.  Breckenridge 
William  Kent 
Charles  E.  Lucre 


On  Standardization  of  Flanges 


A.  M.  Mattice 

Wm.  Schwanhausser 


E.  R.  Fellows 
C.  R.  Gabriel 


F.  F.  Gaines 
E.  M.  Herr 


Edward  F.  Miller 

Arthur  West 

Albert  C.  Wood 


J.  P.  Sparrow 
H.  G.  Stott 


On  Student  Branches 
F.  R.  Hutton,  Honorary  Secretary 


[1686] 


SOCIETY  REPRESENTATIVES 
1910 

On  John  Fritz  Medal 
Ambbosb  Swaset  (1)  Chas.  Wallace  Hunt  (3) 

F.  R.  HuTTON  (2)  Henry  R.  Towne  (4) 


On  Board  of  Trustees  United  Engineering  Societies  Building 
F.  R.  Hutton  (1)  Fred  J.  Miller  (2) 

Jesse  M.  Smith  (3) 


On  Library  Conference  Committee 
J.  W.  LiEB,  Jr.,  Chairman  op  the  Library  Committee,  Am.Soc.M.E. 


On  National  Fire  Protection  Association 
John  R.  Freeman  Ira  H.  Woolson 


On  Joint  Committee  on  Engineering  Education 
Alex.  C.  Humphreys  F.  W.  Taylor 


On  Advisory  Board  National  Conservation  Commission 
Geo.  F.  Swain  John  R.  Freeman 

Chas.  T.  Main 


On  Council  of  American  Association  for  the  Advancement  of  Science 
Alex.  C.  Humphreys  Fred  J.  Miller 

Note— Numbers  In  parentheses  Indicate  number  of  years  the  member  haa  yet  to  serve. 


[16871 


OFFICERS  OF  THE  GAS  POWER  SECTION 
1910 

CHAIRMAN  SECRETARY 

J.  R.  BiBBiNS  Geo.  A.  Orrok 

GAS  POWER  EXECUTIVE  COMMITTEE 

F.  H.  Stillman  (1),  Chairman  F.  R.  Hutton  (3) 

G.  I.  RocKwooD  (2)  H.  H.  Suplee  (4) 

F.  R.  Low  (5) 

GAS  POWER  MEMBERSHIP  COMMITTEE 
H.  R.  CoBLEiGH,  Chairman  A.  F.  Stillman 

H.  V.  O.  Goes  G.  M.  S.  Tait 

A.  E.  Johnson  George  W.  Whyte 

F.  S.  King  S.  S.  Wyer 

GAS  POWER  MEETINGS  COMMITTEE 
Wm.  T.  Magruder,  Chairman  Nisbet  Latta 

W.  H.  Blauvelt  H.  B.  MacFarland 

E.  D.  Dreyfus  C.  W.  Obert 

A.  H.  Goldingham  C.  T.  Wilkinson 

GAS  POWER  LITERATURE  COMMITTEE 
C.  H.  Benjamin,  Chairman  L.  S.  Marks 

G.  D.  Conlee  T.  M.  Phettbplace 
R.  S.  DE  Mitkiewicz  G.  J.  Rathbun 
L.  V.  Goebbels  R.  B.  Bloemeke 
L.  N.  LuDY  A.  L.  Rice 

A.  J.  Wood 

GAS  POWER  INSTALLATIONS  COMMITTEE 

L.  B.  Lent,  Chairman  A.  Bement 

C.  B.  Rearick 

GAS  POWER  PLANT  OPERATIONS  COMMITTEE 

I.  E.  MouLTROP,  Chairman  C.  N.  Duffy 

J.  D.  Andrew  H.  J.  K.  Freyn 

C.  J.  Davidson  W.  S.  Twining 

C.  W,  Whiting 

GAS  POWER  STANDARDIZATION  COMMITTEE 

C.  E.  LucKE,  Chairman  E.  T.  Adams 

Arthur  West  James  D.  Andrew 

J.  R.  Bibbins  H,  F.  Smith 

Louis  C.  Doelling 

Note — Numbers  In  parenthesea  Indicate  number  of  years  the  member  has  yet  to  serve. 

[1688] 


MEETINGS  OF  THE  SOCIETY 

THE  MEETINGS  COMMITTEE 


L.  R.  PoMERoy  (2) 
Chas.  E.  Lucre  (3) 


Willis  E.  Hall  (5),  Chairman 
Wm.  H.  Bryan  (1) 

H.  deB.  Parsons  (4) 
Meetings  of  the  Society  in  Boston 
Ira  N.  Hollis,  Chairman  I.  E.  Moultrop,  Secretary 

Edward  F.  Miller  J.  H.  Libbey 

Meetings  of  the  Society  in  St.  Louis 
Wm.  H.  Bryan,  Chairman  Ernest  L.  Ohle,  Secretary 

R.  H.  Tait,  Vice-Chairman  Fred  E.  Bausch 

M.  L.  Holman 

OFFICERS  OF  STUDENT  BRANCHES 


INSTITUTION 

BRANCH 
.TT-n,,r>„T,^,.      HONORARY  CHAIR- 
AUTHORIZED 

BV  COUNCIL 

PRESIDENT 

CORRESPONDING 
SECRETARY 

1908 

Stevens  Inat.  of  Tech., 

December  4 

Alex.  C.  Humphreys 

H.  H.  Haynea 

R.  H.  Upson 

Hoboken.  N.  J. 

Cornell  University. 

December  4 

R.  C.  Carpenter 

C.  C.  Allen 

C.  F.  Hlrschfeld 

Ithaca,  N.  Y. 

1909 

Armour  Inat.  of  Tech., 

March  9           G.  F.  Gebhardt 

F.  E.  Wernlck 

W.  E.  Thomas 

Chicago,  111. 

Leland    Stanford    Jr. 

March  9          W.  F.  Durand 

A.  F.  Meston 

J.  B.  Bubb 

University,    Palo 

Alto.  Cal. 

Polytechnic    Institute, 

March  9 

W.  D.  Ennis 

J.  S.  Kerlns 

Percy  Glanella 

Brooklyn,  N.  Y. 

State     Agrl.      College, 

March  9 

Thos.  M.  Gardner 

C.  L.  Knopf 

S.  H.  Graf 

Corvallls.Ore. 

Purdue   University, 

March  9 

L.  V.  Ludy 

H.  A.  Houston 

J.  M.  Barr 

Lafayette.  Ind. 

University  of  Kansas. 

March  9 

P.  F.  Walker 

C.  E.  Johnson 

C.  A.  Swlggett 

Lawrence,  Kan. 

New     York     Univ., 

November  9 

C.  E.  Houghton 

Harry  Anderson 

Andrew  Hamilton 

New  York 

Univ.    of    Illinois, 

November  9 

W.  F.  M.  Goss 

B.  L.  Keown 

C.   S.   Huntington 

Urbana.  111. 

Penna.    State    College, 

November  9 

J.  P.  Jackson 

G.  B.  Wharen 

G.  W. Jacobs 

State  College,  Pa. 

Columbia    University, 

November  9 

Chas.  E.  Lucke 

F.  R.  Davis 

H.  B.  Jenkins 

New  York. 

Mass.    Inst,   of   Tech., 

November  9 

Gaetano  Lanza 

Morrill  Mackenzie 

Foster  Russell 

Boston,  Mass. 

Univ.    of    Cincinnati, 

November  9 

J.  T.  Falg 

H.  B.  Cook 

C.  J.  Malone 

Cincinnati,  0. 

Univ.   of  Wisconsin, 

November  9 

C.  C.  Thomas 

John  S.  I-angwUl 

Karl  L.  Kraatz 

Madison,  Wis. 

Untv.    of    Missouri, 

December  7 

H.  Wade  Hibbard 

R.  V.  Aycock 

Osmer  Edgar 

Columbia.  Mo. 

Univ.    of    Nebraska, 

December  7 

C.  R.  Richards 

W.  J.  Wohlenberg 

W.  H.  Burleigh 

Lincoln,  Neb. 

1910 

Univ.  of  Maine, 

February   8 

Arthur  C.  Jewett 

H.  N.  Danforth 

A.  H.  Blalsdell 

Orono,  Me. 

Univ.  of  Arkansas, 

April  12 

B.  N.  Wilson 

C.  B.  Boles 

W.  Q.  Williams 

Fayettevllle.    Ark, 

[1689] 


ADVERTISING      SUPPLEMENT 


SECTION    I 


Machine  Shop  Equipment 


Machine  Shop  Equipment       -  ...  Section    I 

Power  Plant   Equipment  -  -  -  -  -  Section   2 

Electrical  Equipment  .....  Section   3 

Hoisting  and  Conveying  Machinery.     Power  Transmission      -  Section  4 

Engineering   Miscellany  .....  Section  5 

Directory  of   Mechanical   Equipment  ...  Section   6 


No.  8  Turret  Screw  Machine 


Turret  Lathes,  many  sizes — many  styles.      For  a  given  class  of  work 
there  is  a  machine  especially  adapted. 

The  catalogue  gives  full  information.      It  will  be  sent  on  request. 

THE    WARNER    &    SWASEY   COMPANY 


BRANCH   OFFICES: 


CLEVELAND,  OHIO 

NEW    YORK  CmCAGO 


FOR  HEAVY  THREAD  AND  SPIRAL  G£AR  CJTTING 


Large  worms,  either  single  or  multiple,  for  automobiles,  traction  engines, 

hoisting  machinery,  etc.,  cut  several  times  faster  than  by  any 

other  known  method.    No  other  machine  can  compete 

in  point  of   efficiency,  speed,  precision 

and  finish  with 

THE    P.  ^W.    THREAD  MILLING   MACHINES 

PRATT    (SL    WHITNEY    COMPANY 

HARTFORD,  CONNECTICUT 


EXTRACTS  FROM  THE  BOOK  OF  THE 

Copies  of  the  book 


Cross  sliding  Head 

''  I  ""HE  distinctive  feature  of  the  original  Flat  Turret  Lathe  was 
-'-  the  flat,  plate-shaped  tool  holder  from  which  the  lathe  took 
its  name.  The  original  work-holding  headstock  possessed  many 
distinctive  features,  such  as  the  automatic  chuck  and  roller  feed, 
but  it  contained  the  now  nearly  obsolete  cone  pulley  drive  and 
back  gear  scheme.  In  the  present  machine  we  have  combined  an 
ideal  scheme  of  speed  regulation  with  many  other  desirable  features. 
The  cross-feeding  feature  of  the  head  grew  out  of  our  desire 
to  get  the  best  form  of  self-contained  speed  variator.  After  try- 
ing several  combinations  and  positions,  we  found  it  best  to  arrange 
all  the  shafting  and  gearing  in  a  horizontal  plane,  so  that  the  lower 

sp  i„,^e,d  ve™o„.  jQ^es  &  Lamson 

Germany,  Holland,  Belgium,  Switzerland,  Austria-Hungary, 
M.  Koyemann,  Charlottenstrasse  112,  Dusseldorf,  Germany. 


HARTNESS     FLAT     TURRET     LATHE 

mailed  on  request 

half  of  these  running  parts  could  be  submerged  in  oil  to  insure 
perfect  lubrication. 

This  determined  the  adoption  of  a  shallow  pan-shaped  frame 
for  the  headstock,  into  which  were  placed  all  the  clutches  and 
bearings,  including  main  spindle  bearings.  The  natural  form  of 
bed  for  holding  this  headstock  made  the  way  open  to  give  the 
headstock  a  cross  travel,  which  we  had  long  realized  was  a  most 
desirable  feature,  as  shown  by  our  earlier  patents. 

A  most  fortunate  combination  was  the  result.  We  not  only 
obtained  a  most  compact  and  symmetrical  machine,  but  in  one 
machine  we  succeeded  in  getting  practically  all  of  the  features 
made  desirable  by  present-day  conditions. 


Machine  Company  z 


ueen  Victoria  Street 

ondon,     England 


France  and  Spain,  Ph.  Bonvillain  and  E.  Ronceray,  g  and  ii 
Rue  des  Envierges,  Paris.     Italy,  Adler  &  Eisenschitz,  Milan. 


T 

Ever  try  to  think 

jn  a  shop  full  of 

grinding  gears 

y  Hani  to  du,  liut  that  is  to  be  expected.  No 
man  can  do  head  work  when  his  faculties  are 
paralyzed  by  noise. 

IMew  Process  Noiseless  Pinions 

cut  this  racket  down  to  an  almost  inaudible  hum,  and  give  you  every 
advantage  of  the  best  metal  gearing  besides.  Even  if  rawhide  gears 
were  not  the  equal  of  metal  in  every  way,  they  would  in  many  instances 
be  a  splendid  investment,  but  as  it  is,  their  use  is  so  profitable  that 
you  cannot  afford  to  neglect  investigating. 

WWite  for  Booklet 

llieNEWPRD[ESS|Lp;i|  J|RAW  HIDE  CO. 

OFFICE  £  WORKS  ^^/i>'.^r    SYRACUSE,  N  .Y. 


ON  THE  ART  OF  CUTTING  METALS 

By  FRED  W.  TAYLOR,  Sc.D. 

The  most  complete  and  thorough  treatise  yet  published 
on  this  subject  with  chapters  on: 

Action  of  Tool  and  its  Wear  in  Cutting  Metals 

How  Modern   High-Speed  Tools  Wear 

How  to  Make  and  Record  Experiments 

Lip  and  Clearance  Angle  of  Tools 

Forging  and  Grinding  Tools 

Pressure  of  the  Chip  upon  the  Tool 

Cooling  the  Tool  with  a  Heavy  Stream  of  Water 

Chatter  of  Tools 

How  Long  Should  a  Tool  Run  Before  Regrinding 

Effect  of  Feed  and  Depth  of  Cut  on  Cutting  Speed 

Tool  Steel  and  its  Treatment 

Theory  of  Hardening  Steel 

Quality  of  Metal  to  be  Cut 

Line  or  Curve  of  Cutting  Edge 

Slide  Rules 

Additional  Experiments  and  Investigations 

2d  Edition — without  discussion  (cloth)          -  $3.00 

3d        "            with              "               "               -  3.50 

3d        "               "                "            (half-morocco)  4.50 

Pages  350.     Folders  24 

The  American  Society  of  Mechanical  Engineers 

29  WEST  39th  STREET,  NEW  YORK 


To  Users  of  Taps  and  Dies 


This  Trade    \  r-t    /  Mark  Means 


V 


an  absolute  guarantee  of  first  QUALITY 

40  years  on  the  market  makes  our  Machine  Screw  Taps 

the  pioneers  in  their  class,     They  have  no  superiors,  and 

are  fully  guaranteed 

Tags  and  Dies  furnished  to  A.  S.  M.  E.  Standard  at  regular  prices 

J.  M.  Carpenter  Tap  &  Die  Co.,  Pawtucket,  R.  I. 


14,  MFG.  PLAIN  MILLING  M.^ 


New  Design 

FOR 

High  Speed  Steel 

Made  entirely  from 
new  patterns. 

Most  Powerful, 
Rigid  and  Efficient 
machine  for  its  size 
and  type  we  have  ever 
manufactured. 

All  working  parts 
and  bearings  made 
extra  large. 

Just  the  machine  for 
the  average  job. 
Adjustments 
28x8x19  inch 
IN  STOCK 

Send  for  Circular  No.  137 
MANUFACTURED  BY 

THE  GARVIN    MACHINE 
COMPANY 

137  VARICK  STREET 
NEW  YORK  CITY 


The  StmdardTool  Cos 


TWIST   DRILLS 


Quality  is  what  determines  the  value  of  every  drill.     Buy  drills  bearing  the 
shield  trade  mark  which  is  a  guarantee  of  "Highest  Quality.  " 


CLEVELAND.  O. 


94  Reade  St..  N.  Y. 


MANNING,    MAXWELL   &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


RUSSELL,  BURDSALL  &  WARD 
BOLT  and  NUT  CO. 

PORT  CHESTER,  N     Y 

Manufacturers  of  the  finest  grade  of 

BOLTS  and  NUTS 

For  Automobiles,  Machinery  and 
Engineering  Work 

Branch  Works  at  Rock   Falls,    III. 


WE    BUILD   A  COMPLETE   LINE  OF   NEW   AND    UP-TO-DATE 

BOLT  AND  NUT 

MACHINERY 

Including  ... 

Bolt  Cutters  (threaders),  Bolt  and  Rivet 
Headers,  Upsetting  and  Forging  Machines, 
Hot  Pressed  Nut  Machines,  Nut  Tappers, 
Washer  Machines,  Wire  Nail  Machines 
and  Lag  Screw  Gimlet  Pointers 


NATIONALMACHINERYfo) 
TIFFIN.  OH  ID. U.S.A    \j  J 
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Talk  5  {Condensed) 


When  Geo.  H.  Corliss  Designed  His  Engine 


m^'M 


he  succeeded  in  producing 
the  most  economical  and  re- 
liable type  of  steam  prime 
mover. 

But  the  details  of  hisengine 
were  not  designed  for  1910 
requirements — e  specially 
when  built  cheaply.  In  valve 
geai  construction  there  is 
nothing  which  approaches 
ours.  It  has  the  only  real 
improvements  made  in 
twenty  years. 


Bulletin  AC-4  has  a  full  description. 


^coMs^iN^  ij^aKE  yMfi^f 


CORLISS,  WIS.,  U.  S.  A. 


IMMUNE  TO   the    evils   of    EXPANSION 


^^  PROVED 

Co 


''^ 


SUPERIOR  COMPARATIVE  MERITS 

FOR 

BOILER  BLOW-OFF.  ETC. 

BECAUSE   IT 


perfectly 
complaint 


meets    requirements 
without    repai  rs    or 

SPECIFIED  AND  USED  BY  t^E'i'N^ 

JOHN  SIMMONS  CO..  no  centre  st..  New  York.  N.  Y 


ENGINEERS 
POWER  PLANTS 


^    FOSTER    J 
aUPERHEATERo! 

-SAVE  FEED  WATEK- 
CONDENSING  WATER 
COAL  AND  BOILER  POWER 


ALLIS-CHAIMIB  CO 


ALLIS-CH  ALM  ERS 
GAS     ENGINES 


Require  no  preliminary  period  of  grooming 
and  experimentation. 

Write  for  information 


General  Offices 


Mih 


ikee,  Wisconsin 


TO  CONSULTING,  OPERATING  ENGINEERS  AND  ENGINE  BUYERS 

We  are  now  prepared  to  furnish  Corliss  engines  of  both  simple  and 
compound  types,  having  Heavy  Duty  Tangye  or  Tubular  Girder  Beds, 
equipped  witn  our  new  "Franklin  ^  patent  hor'fzontal  gravity  latch  re- 
leasing gear,  enabling  us  to  secure  a  rotative  speed  of  200  revolutions 
per  minute. 

When  higher  speeds  are  required  we  furnish  Inertia  shaft  governor 
in  combination  with  our  well  known  double  ported  Corliss  Valves. 
Designed  for  either   belt   or  direct  connection. 

Write  for  Catalogue 


HEWES  &  PHILLIPS  IRON  WORKS      mm  n.  j, 


Nelson  Steel  Gate  Valves 
For   Superheated  Steam 


jy[AKE  them  strong' 

Spare  no  care !! 
Must  be  right— and 
tight!!!  Test  them 
hard ! ! !  These  are 
the  watchwords  that 
govern  their  construc- 
tion. Safety  com- 
mands it.  Best 
of  cast  irons  or 
ordinary  steels 
are  too  weak— 
therefore  we  use 
the  strongest— y4<r/V/  Open 
Hearth  Steel.  Bronze 
valve  fittings  disintegrate 
— therefore  in  all  work- 
ing parts  we  use  Monel, 
the  strong  metal  that  can- 
not weaken  or  corrode. 
Thus  you  have  a  valve 
more  than  65000  Ibs.-per- 
sq. -in. -strong  at  every 
point,  reliable,  safe,  for 
temperatures  up  to  800°F. 


Made  as  car-e fully  as 
the  finest  piece  of 
fnachtnej-y  in  your 
plant.  Time-tested 
Nelson  discs  are 
the  simple— and 
effective— mechan- 
ism that  keeps 
valve  tight,  ad- 
justing them- 
selves to  contrac- 
tion by  cold,  to 
expansion  by 
heat,  or  any  other  dis- 
torting influence.  Abso- 
lute, thorough,  inspection 
of  every  detail,  most  rigid 
testing  of  every  part  from 
start  to  finish.  Test  cer- 
tificate plate  fastened  to 
each  valve.  Especially 
made  to  meet  the  severe 
duty  that  superheated 
steam  demands. 

//  iri  teres  ted,  Write. 


Nelson   Valve   Company,   Philadelphia 


New  York 
30  Church  St. 


Pittsburgh 
525  Third  Ave. 


Butte,  Montana 
56  E.  Broadway 


Chicago 
17  W.  Kinzie  St. 


Minneapolis 
Andrus  Building 


San  Francisco 
22  Battery  St. 


Montreal 
t2-i4  University  St. 
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IDEAL  ENGINES 


BUILT  FOR  ALL  POWER  PURPOSES 
IN  SIMPLE  AND  COMPOUND  TYPES 


"ll 
ill 

III 


THE  IDEAL  ENGINE 

is  well  balanced  and  does  not       iiiiiu 

transmit  vibration.  iliii|| 


P 


III 


Simplicity,  cleanliness,  graceful  lines,  silent 
operation,  and  close  regulation,  with  easy  access 
to  moving  parts,  are  among  its  characteristics. 

A.  L.  IDE  &  SONS 


SPRINGFIELD.  ILLINOIS, 


I 


SPEEDWAY    GASOLINE    ENGINES 


The  Speedway  Engine  the  Most  Modern  Design  and  the  Highest  Development 
in  the  Gas  Engine  Art.  These  are  not  Cheap  Engines  unless  the  BEST  is  con- 
sidered an  Economy.     Good  Value  in  Exchange  for  Good  Price 

GAS  ENGINE  &  POWER  CD.  and  CHARLES  L.  SEABURY  &  CO. 

CONSOLIDATED 
MORRIS   HEIGHTS,   NEW   YORK,    N.  Y. 

Also  Yacht   and   Launch   Builders  and  Manufacturers  of  Seabury  Water  Tube 
Boilers  and  Marine  Steam  Engines  Send  10  cent  stamp  for  Catalogue. 


Buckeye  Gas  Engines 

FOUR  CYCLE  -  DOUBLE  ACTING 

For  Natural  and  Producer  Gas 

75  to  10,000    B.  H.  P. 


Catalogues,    information    and    estimates    cheerfully    furnished 

BUCKEYE  ENGINE  COMPANY 

SALEM,  OHIO 


Nash  Gas  Engines 

ARE 

Reliable,  Economical, 
Simple  and  Safe. 

25  years  leadership  of  Vertical 
Gas  Engine  Design, 

Operate  on  City  Gas,  Gaso- 
line, Distillate  and  Producer 

Gas. 

SIZES  3  to  425  H."  P. 

Catalogue  sent  promptly  on  request 
Makers  of  the  n.iorU{  famous  Water  Meters  Croiun,  Empire,  Nash,   Gem,  Premier 

NATIONAL    METER    COMPANY 

84  CHAMBERS  STREET,         NEW  YORK 

Chicago  Boston  Pittsburg  Cincinnati  Los  Angeles 


WARREN    VERTICAL  AND    TANDEM    GAS 
ENGINES  AND  SUCTION  GAS  PRODUCERS 

POINTS  OF    MERIT 

Heavy  overload  capacity.     Close  regulation.      Positive  lubrication. 

Positive  circulation  of  cooling  water.     No  joints  between 

combustion    chamber    and    water   jackets. 

All  valve  cages   removable. 

The   most  reliable   and  economical  motive  power  obtainable 
Ask  your  consulting  engineer  to  investigate 


STRUTHERS-WELLS    CO.. 


Newr  York 
60  Church  Street 


Warren,  Pa. 

Pittsburg 
310  House  Building 


Robb-Mumford  Boiler  Co, 


Successors  to 

EDWARD  KENDALL  &  SONS 

CHARLES  RIVER  IRON  WORKS 


Manufacturers  of 

Return  Tubular,  Water  Tube,  internally  fired  and  other 

types  of  Boilers;  Smoke  Stacks,  Tanks,  Etc. 

Works:— SOUTH  FRAMINGHAM,  MASS. 

Sales  Office:  131  State  St.,   Boston 


U.  S.  Automatic  Injectors  have  an  Inter- 
national Reputation  for  Superiority 


STEAM 


They  have  just  as  firm  a  foot- 
hold abroad  as  at  home.  Only 
WATER  genuine  merit  has  placed  the 
"U.  S.  Automatic"  in  this  posi- 
tion. The  more  particular  you 
are  about  securing  reliable  boiler 
feeding — the  better  it  pleases 
us— for  the  U.  S.  is  a  reli- 
able boiler  feeder. 

Send  for  our  Engineers'  "Red 
Book" — it  slips  right  into  the 
vest  pocket,  small  in  size,  but 
large  in  information. 


AMERICAN    INJECTOR    COMPANY 


DETROIT,  MICH. 


RIDGWAY    ENGINES 

Are  distinguished  by  their  high  mechanical  efficiency, 
low  steam  consumption,  and  excellent  design. 

Single  and  Four- Valve  Types.     Simple,  Tandem,  and 
Cross  Compound  Engines 

RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY,  PA. 


THE  BABCOCK  &  WILCOX  COMPANY 

85  LIBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Works;   BARBERTON,  OHIO     BAYONNE,  N.  J. 


3UANCH  OFFICES 


BOSTON,  10  Post  Office  Sq. 
PITTSBURGH,  Farmers  Deposit  Bank 
SALT  LAKE  CITY,  313  Atliis  Bloik 
CLEVELAND,  New  Englanil  BLIg. 
LOS  ANGELES,  American  Dank  Bl.lg. 


PHILADELPHIA. 

NEW  ORLEANS, 
CHICAGO,  Mar(|U 
PORTLAND,  ORE 
SEATTLE.  Mutual 


:te  BIdg. 

WeMs-Fo 
.ife  BIdg. 


SAN  FRANCISCO,  99  First  Street 
DENVER,  435  Seventeenth  Street 
ATLANTA,  Candler  BIdg. 
HAVANA,  CUBA.  116J  Callc  de  la  Habana 
CINCINNATI.  Traction  BIdg. 


^^ 


Jenkins  '96   Packing  Forms  a 
Perfect  and  Lasting  Flange  Joint 

It'is  made  of  high  grade  rubber  composilion,  soft  and  flexible 
enough  to  readily  fill  up  any  roughness  or  unevenness  of  surfaces. 

When  steam  is  turned  on  it  vulcanizes  in  place  without  losing 
any  of  its  strength  or  toughness,  and  thus  makes  a  tight  and  per- 
manent joint.     It  is  light  in  weight,  and  consequently  low  in  price. 

Give  it  a  trial  in  one  of  the  severe  places.     It  is  guaranteed. 

JENKINS    BROS.,      new  YORK      EOSTON      PHILADELPHIA      CHICAGO 


THE  real  cost  of  power  is  not 
the  first  cost,  but  the  cost  per 
year-  That  includes  fuel,  labor, 
space,  and  the  extent  to  which 
your  form  of  power  affects  your 
insurance  rates. 

Judged  by  this   businesslike 
standard 

Du  Bois  Gas  and 
Gasoline    Engines 

are  the  cheapest  form  of  power — as  well  as  the  best — that  you  can  use. 

These  engines  can  be  used  every  day  in  the  year,   will  operate  many  other 
engines,  and  will  save  the  wages  of  one  or  more  employees.     Get  catalog  "P" 

DU  BOIS  IRONWORKS,  8x6  brady  street,  pu  bois,  pa. 

Let  Us  Figure  on  Your 
Lighting  Equipment 

If  you  are  building  a  new  plant  or  extending 
your  old  one,  do  not  arrive  at  a  final  decision  as 
to  the  lighting  equipment  without  consulting  our 
engineers,  or,  if  you  are  at  present  paying  more 
than  two  cents  a  K.  W.  hour  for  current,  you 
can  save  considerable  money  by  installing  an 
American  Ball  Angle  Compound  Engine 

The  Angle  Compound  Engine  is  built  especially 
for  isolated  plant  service  and  gets  twice  as  much 
power  on  the  same  floor  space  as  a  simple  engine. 
Write  for  Catalogue 


American    Engine    Company 

42   Raritan  Avenue  Bound  Brook,  N.  J. 


FRANKLIN  water-tube  BOILER 

BUILT  BY 

Franklin  Boiler  Works  Co. 

TROY,  N.  Y. 

General    Sales   Office 

39  Cortlandt    Street 
NEW        YORK 

HEINE   "^Vl   BOILERS 

and 

SUPERHEATERS 

In  units  off  from  50  to  600  H.  P. 

Heine  Safety  Boiler  Co.,  St.  Louis,   Mo. 

BRANCH    OFFICES 
Beaton  New  York  Philadelphia  Pittsburgh  Chicago  New  Orleans 


THE 


HOOVEN-OWENS-RENTSCHLER  CO. 


Builders  of 

HAMILTON 
CORLISS 
ENGINES 

Standard  of  Merit 

Works  at 

HAMILTON,   OHIO 


\3^E  SPECIALIZE 

We  concentrate  our  entire  attention  on  valves 
and  hydrants  and  do  not  have  a  line  of  miscel- 
laneous sundries  such  as  fittings,  boiler  trim- 
mings, etc.,  to  divide  our  interests  Thus  we 
can  give  valves  particular  attention. 

The  result  of  this  concentrated  effort  is  shown 
in  Kennedy  Valves — it  shows  in  their  design, 
workmanship  and  finish, 

THE  KENNEDY  VALVE  MFG.  CO. 

ELMIRA,   N.  Y, 


A  GREAT  ENGINEERING 
LIBRARY 


One  of  the  largest  collections  of  Engineering 
literature  in  the  world  is  THE  ENGINEER- 
ING LIBRARY  in  the  Engineering  Societies 
Building,    29   West   39th    Street,    New   York. 

It  comprises  50,000  volumes,  including  many 
rare  and  valuable  reference  works  not  readily 
accessible  elsewhere.  There  are  450  current 
technical  journals  and  magazines.  All  the 
foreign  and  domestic  technical  periodicals  are 
received,  as  well  as  the  proceedings  of  the 
various   engineering    societies    of    the   world. 

The  library  is  open  from  9  a.m.  to  9  p.m., 
with  trained  librarians  in  constant  attendance. 
Its  resources  are  at  the  service  of  the  engineer- 
ing and  scientific  public. 


The  Engineering  Societies  Building 

29  West  39th  Street,  New  York 
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■^WESTINGHOUSM 


Westinghouse 

Type  "MS"  Mm  Motors 


For  Polyphase,  Alternating  Current  Circuits 


Designed 
for  the 
most  severe 
class  of  service 


Under  the  most  variable  conditions  found  in  steel  mills,  where  heavy  momen- 
tary overloads  are  frequent,  or  in  cement  mills,  brick-making  plants  and  simi- 
lar industries  where  the  ordinary  motor  would  be  inadequate  to  withstand  the 
strain,  type  "MS"  Mill  Motors  give  the  most  satisfactory  results  continuously. 
— This  is  being  daily  demonstrated  in  the  largest  steel  mills  in  the  country. 

Send  for  Circular  No.   1164 

Westinghouse  Electric  &  Manufacturing  Co.,  Pittsburg,  Pa. 

Sales  Offices  in  all  Large  Cities 


Westinghouse    Steam   Turbines 


Years   of  service  have   no  effect   on    the 

economy  of  Westinghouse  Steam 

Turbines 

Reciprocating  engines  grow  less  economical  as  they  age. — Westing- 
house Steam  Turbine'=i  retain  their  initial  steam  economy  through 
years  of  service,  simply  because  there  is  nothing  to  wear  out.  The 
adjustments  do  not  change;  the  bearings  are  the  only  rubbing  parts, 
but,  being  flooded  with  oil,  the  shaft  never  comes  in  metallic  contact 
with  the  bearings. 

Full  particulars  in  Circular  502 

THE    WESTINGHOUSE    MACHINE    COMPANY 

PITTSBURQ,  PA. 


Operator 
removing  record 
chart  from  the 
Q  =  E  Flow.Meter, 
Recording  Type. 
Note  how  the 
slightest 
variation  in 
steam  flow  is 
recorded 


With  charts  like  this  you  can  accurately 
determine  operating  conditions 

From  records  of  coal  burned,  feed  water  consumed,  labor,  product  manufactured 
etc.,  you  can  arrive  at  the  total  efficiency  of  your  plant.  But  these  records,  however 
correct,  complete  and  essential  cannot  inform  you  as  to  individual  apparatus 
efificiency.  Some  process  of  manufacture  may  be  costing  more  than  it  should — you 
may  know  that  something  is  wrong — but  still  be  unable  to  locate  the  fault.  In 
most  cases  the  trouble  will  be  disclosed  only  by  accurate  measurement  of  steam 
fJow,  now  made  possible  by  the  use  of  the 


Flow 


Meter 


If  boiler  scale  or  faulty  stoking  is  causing 
a  high  fuel  bill,  the  G-E  Flow  Meter  will 
tell  you.  If  there  are  leaks  between 
boilers  and  points  of  consumption,  due 
to  defective  traps,  gaskets  or  valves,  the 
G-E  Flow  Meter  shows  them  up.  Each 
department  of  your  plant  can  be  properly 
charged  with  the  steam  used,  by  means 
of  G-E  Flow  Meters.  Ask  for  Bulletin 
4720 — C. 

General    Electric    Company 

Largest  Electrical  Manufacturer  in  ttie  World 
Principal  Office:  Schenectady,  N.  Y.  Sales  Offices  in  All  Large  Cities 


Saved  Thousands  of  Dollars 
for  a  Large  Manufacturer 

In  one  large  plant  the  boilers  consumed  one-quar- 
ter the  amount  of  coal  on  Sundays,  when  the 
factory  was  shut  down,  as  on  week  days,  when  in 
full  operation;  the  engineer  knew  the  steam  was 
being  lost  but  was  unable  to  locate  the  leaks  in  the 
several  miles  of  different  sized  steam  pipe.  With 
the  G-E  Flow  Meter,  the  defective  points  were 
soon  revealed,  resulting  in  a  yearly  saving  of 
thousands  of  dollars. 


ALJblS'LJrlAl/WJjJiy  hi) 


ALLIS-C  H  ALMERS 
STEAM    TURBINES 


You  are  insured  against  turbine  troubles  when 
installing    Allis- Chalmers    Steam   Turbines. 


General  Offices  .  -  -  Milwaukee,  Wisconsin 

tlliT%",l   MOTORS 

THE   MOTORS  THAT  DO  THE  WORK 

Industrial  applications  of  Sprague 
Electric  Motors,  demonstrating  the 
advantages  of 

ELECTRIC  DRIVE  IN  SHOPS 

are  illustrated  and  described  in  our 

Bulletin   No.    21860,    which    may 

contain   some  suggestions  for  you, 

and  will  be  sent  free  on  request.     Why  not  look  it  over?     The 

economic  value  of  the  Sprague   Electric  Motors  is  evidenced 

by  the  fact  that  10,000  of  them  are  in  use  in  one  county  alone. 

SPRAGUE     ELECTRIC    COMPANY 

527-531    WEST  34TH   STREET  CITY  OF  NEW   YORK 

BRANCH   OFFICES  IN   PRINCIPAL  CITIES 


Shop  Management 

Papers  read  before 

The  American  Society  of  Mechanical  Engineers 
from   1890  to  1908 

The  Society  has  a  lunited  number  of  copies  of  papers  on  Shop 
Management  which  have  been  presented  before  it.  Orders  will  be 
filled  until  the  supply  is  exhausted. 

Price 
Vol.     No.  LlBt 

23—928  Bonus  System  of  Rewarding  Labor,  H.  L.  Gantt 20 

8—239  Capital's  Need  for  High-Priced  Labor,  W.  E.  Part- 
ridge   20 

24 — 998  Drawing  OflSce  Equipment,  John  McGeorge 20 

5—143  Drawing  Office  System,  H.  R.  Towne 10 

24—965  Gift  Proposition  for  Paying  Workmen,  F.  Richards. .     .  20 

24-1002  Graphical  Daily  Balance  in  Manufacture,  H.  L.  Gantt.     .  20 

25-1012  Is  Anything  the  Matter  with  Piecework?  F.Richards     .20 

24-1001  Machine  Shop  Problem,  C.  Day 20 

18—711  Method  of  Determining  Selling  Price,  H.  M.  Lane. .     .20 

18—739  Method  of  Shop  Accounting,  H.  M.  Lane 10 

25-101 1  Modifying  System  of  Management,  H.  L.  Gantt 10 

16—647  Piece  Rate  System,  F.  W.  Taylor 30 

12 — 449  Premium  Plan  of  Paying  for  Labor,  F.  A.  Halsey. .      .20 

8—256  Problem  in  Profit  Sharing,  Wm.  Kent 30 

25-1040  Rational  Basis  for  Wages,  H.  Emerson 10 

24-1003  Shop  Management,  F.  W.'  Taylor 90 

7—209     Shop  Order  System  of  Accounts,  H.  Metcalfe 40 

9—287  Short  Way  to  Keep  Time  and  Cost,  H.  L.  Binsse. . .      .10 

25-1010  SUde  Rules  for  the  Machine  Shop,  C.  G.  Barth 20 

27-1115     History  of  a  System  of  Shop  Management,  J.  M. 

Dodge 10 


$4.70 


$4.00  for  the  set. 


Members'  rates  are  half  the  list  pnce. 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 
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Aerial  Transportation 

The  Triplex  Chain  Block 

The    best    chain    hoisting    machine,  absolutely    safe.      Always    holds    the 
load  automatically  at  any  point.     One  man  alone  can  lift   the   full  load 


THE  lifting  of  loads  is  a  universal  need— a 
vital  factor  in  every  man's  business.  The 
Triplex  Block  is  the  simplest,  safest,  most 
efficient  and  most  economical  load-lifter  in  the  world. 
It  lifts  loads  under  all  conditions  in  all  places  — 
from  a  palace  to  a  sawmill — a  garage  to  a  warship. 
When  one  man  pulls  on  the  hand  cliain  of  the 
Triplex  Block,  he  can  lift  any  load  from  200  lbs.  to 
t\\enty  tons,  two  men  can  lift  forty  tons. 

The  load  is  always  automatically  held  at  any  point 
during  the  lift.  You  can  go  away  and  let  it  hang 
ten  seconds  or  a  year.  It  will  not  come  down  until 
>ou  are  ready.  Then  you  lower  it  by  pulling  lightly 
on  the  reverse  side  of  the  hand  chain. 

The  Triplex  Block  has  the  strongest,  simplest, 
smoothest-running,  wear-resisting  system  of  gears 
ever  devised  to  multiply  lifting  power. 

It  so  multiplies  the  strength  of  one  man  as  to  make  him 
master  of  every  lifting  problem. 

Many  loads  must  also  be  transported  —  moved 
horizontally.  The  Triplex  Block  not  only  lifts  its 
load  easily  and  holds  it  suspended  safely,  but  when 
hung  from  a  trolley  running  on  an  overhead  track, 
the  load  may  be  moved  easily  wherever  the  overhead 
track  goes. 

One  man  can  push  the  load  as  easily  as  he  lifts  it. 
In  foundries,  machine  shops,  lactones,  sawmills, 
mines,  quarries,  warehouses — in  power-houses  and 
boiler-rooms  —  on  railways,  shipsand  docks — thousands 
olTnplex  Blocks  are  daily  lifting  and  transporting  thou- 
sands of  tons,  at  a  saving  in  labor  which  frequently  repa\  s 
the  whole  cost  of  installation  in  six  months.  Everyone 
who  has  lilting  and  transporting  to  do  should  write  for 
the  book  about  Triplex  Blocks.      A  postcard  brings  it 

I    de.leri    in   th.   Uniled    St«l«i    crry  TripUx  Block,  in 


14  Si»«      One  *oW  a  ron  (o  fori,  lon>. 

The  Yale  &  Towne  Mfg.  Co. 


m 


The  Triplex  Block  would  prove  itself  a  real  neces- 
sity in  thousands  of  places  where  it  is  not  even 
known  today. 

This  is  why  we  spent  $3,000  to  print  the  above 
full-page  advertisement  in  the  Saturday  Evening 
Post  of  Sept.  17th. 


i^B^H^K^il^^^B^^n 


Here's  A 

Clutch 
That 
Makes  Good" 


rHE  Summit  Thread  Co.,  East  Hamp- 
ton, Conn.,  who  use  the  Dodge  Split 
Friction  Clutch,  recently  wrote  us— 
'We  have  been  using  one  of  your  clutches  for 
about  three  years,  and  while  our  experience  with 
friction  clutches  in  general  has  been  rather  unsatisfac- 
tory, the  clutch  of  your  make  has  never  caused  any  trouble 
whatever."  <^  The  Dodge  Split  Friction  Clutch  is  a  real  ser- 
vice-giver. It  is  doing  the  hardest  kind  of  work  in  rolling 
mills,  cement  mills,  rubber  mills,  mines  and  smelters  and  other 
industries.  Some  of  the  largest  concerns  in  these  lines  have 
adopted  our  clutch  as  their  standard,  after  exhaustive  trials  and 
tests  of  clutches  of  different  makes.  <^  Dodge  Clutches  are 
dependable  power-savers.  Each  department,  each  lineshaft, 
even  each  machine  throughout  your  plant  may  be  controlled 
independently  of  all  the  balance  of  the  equipment.  Consider 
theimmense  saving  in  power  by  shutting  down  idle  machines, 
by  having  the  equipment  under  instant  control  in  one 
case  of  accident  to  men  or  machinery. 

<^We  will  be  glad  to  advise  with  youabout  Dodge  Friction  Clutches 
to  exactly  meet  your  requirements.     Write  us  about  your  possi- 
ble clutch  needs.     <^  Your  name  on  the  coupon  brings  our 
Clutch  Bulletin  J- 1  16,  which  tells  about  this  "economy 
mechanism."     Have  us  send  this  book  to  you  at  once. 

DODGE    MANUFACTURING    COMPANY 

STATION  J45,  MISHAWAKA,  INDIANA 

"Everything  for  the  Mechanical  Transmission  of  Power 

New  York      Chicago    Boston    Pittsburg    Minneapolis 
St.  I.ouis   Brooklvn     .Atkinta     Cincinnati 
Philadelphia 

Agencies  in  other  large  towns 
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THE 
M^CASLIN 
CONVEYOR 


New  York 

Chicago 

Baltimore 


Mead  -  Morrison 

Manufacturing  Company 


NEW  YORK 


BOSTON 


CHICAGO 


THE  McCaslin  Noiseless  Overlapping 
Gravity  Bucket  Conveyor  is  the 
superior  of  any  similar  device  offered 
to-day  for  the  conveying  of  Coal,  Ashes, 
Hot  Clinker,  etc.,  in  Power  Stations  or 
Cement  Mill  Service.  Correspondence 
invited. 

Works  and  General  Offices 
Cambridore,  Massachusetts 


140  Broadway 
Monadnock  Block 
821  Equitable  Building 
Montreal 


Pittsburg  -  712-713  Machesney  Building 
San  Francisco  -  -  -  Metropolis  Building 
New  Orleans  -  -  no  North  Peters  Street 
286  St.  James  Street 
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OTIS  ELEVATORS 

ALL  TYPES 

FOR  EVERY  KIND  OF  SERVICE 

Otis  Elevator  Company 

OFFICES 
IN  ALL   PRINCIPAL  CITIES  OF  THE  WORLD 


MADE   FROM 

'''         ROEBLING  WIRE  1         """^^^ 

BY  ■  STANDARD 

I       JOHN  A.ROEBLING"S  I        WIRE 

i  SONS  COMPANY  |        rqPE 

TRENTON.  N.J. 


Economical    Methods 
of    Handling   Materials 


We  design  and  build 
Conveyors  in  styles 
and  capacities  suitable 
for  whatever  materials 
they  are  to  handle  and 
whatever  conditions 
they  are  to  operate 
under. 


Give  us  an  opportunity  to  figure  on  your  conveying 
requirements  and  write  for  our  Catalog  K  8l,  illus- 
trating systems  in  operation. 

THE    JEFFREY    MFG.    CO. 

COLUMBUS,  OHIO 


Conveyor    Belt    User 

Have  you  had  trouble  with  the  Edge  of  Your  Belt? 

Does  it  come  loose,  peel,  break  off,  or   wear  away  ? 

Then  let  your  next  belt  be  a 


Goodrich 

Conveyor 

Belt 


Edge  Construction— Goodrich  Conveyor  Belt 


This  is  the  best  edge  ever  put  on  a  conveyor  belt.  Notice  how  the 
top  cover  is  carried  around  into  the  back  cover  without  leaving  a  thin 
corner  to  break  loose.  No  square  corners  to  catch.  No  molded  edge 
to  peel  oft'.  The  edge  is  formed  by  a  special  process  of  our  own  and 
is  vulcanized  before  the  rest  of  the  belt  so  that  the  adhesion  of  the 
corner  around  the  edge  is  as  perfect  as  elsewhere.  This  edge  cover 
stays  on  until  worn  off  and  thus  protects  the  fabric  from  the  entrance 
of  moisture  which  quickly  deteriorates  the  whole  belt  and  causes  the 
thick  top  cover  to  peel  off.     We  make  a  good  belt  with  a  real  edge. 

The  B.  F.  Goodrich  Company 

Akron,  Ohio 


THE 


NOT 

IN  THE 

lTRUST 


HJREEDY 

CINCINNATI,  O. 

ELEVATORS 


COMPANY 
INC. 


EVERY  TYPE 


CLYDE 


High  Grade   Hoisting  Engines 

have  steel  gears  and  ratchets. 

They  have  extra  heavy  shafting  and  long  bearings. 

Frictions  are  positive.     Connecting  rods  have  solid 

ends.     Boilers  have  large  heating  capacity  and 

securely  anchored.  Ask  for  Catalogue. 

CLYDE  IRON  WORKS 


DLLUTH,  MINN. 

CHICAGO,   ILL,       NEW  ORLEANS, 


Diamond     Chain     Replaces     Gearing     Here 

The  cell  driers  made 
by  Cell  Drier  Machine 
Co,,  Taunton,  Mass., 
have  anywhere  from  6 
to  40  trays  and  rolls 
each.  Formerly  the 
rolls  were  driven  by 
gearing  but  this  con- 
sumed too  much  power. 
The  trains  of  gears  have 
been  supplanted  by  a 
single  loop  of  Diamond 
roller  chain. 

This  is  but  one  of 
many  instances  where 
Diamond  Chain  has 
reduced  power  con- 
sumption, initial  costs 
and  has  gi  ven  all  around 
satisfaction.  Engineers 
advise  you.  Perhaps 
Diamond  Chain  will  do 
as  well  on  your  drives. 
Ask  for  book  "Chain 
Transmission  of  Power" 


DIAMOND  CHAIN  & 
MFG.  CO. 

259  W.  Georgia  St. 
Indianapolis,   Ind. 

Capacily  8,000,000  ft.  per 
year  (74) 
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ALLIANCE    CRANES    All    Types 

Also  Rolling 
Mill  and 
Hydraulic 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Converting  Machinery,  etc. 

THE  ALLIANCE  MACHINE  CO.  Alliance,  Ohio 

Pittsburg  Office,  Frick  Building.  Birmingham  Office,  Woodward  Btiilding 


ELECTRIC   TRAVELERS 
All  Types  for  Every  Sarvice 


COMPLETE  EQUIPMENT 

AND  Cranes  of  All  Kinds  for 
GREY  IRON,  STEEL  AND  MALLEABLE 

FOUNDRY  PLANTS 

Buildings  designed  and  furnished.  E  quip- 
ment  installed  and  operated.  P  lant. 
delivered   to    purchasers    ready  to    run. 

Whiting  Foundry  Equipment  Co. 

Manufacturers,  Engineers,  Designers 
HARVEY,  ILL.  (Chicago  suburb) 


YEAR   BOOKS 

The  Society  wishes  to  have  a  file  of  year  books  or  catalogues  complete 
since  its  formation.  Will  members  who  have  any  of  the  following 
numbers  either  send  them  to  the  Society  or  correspond  with  the  Secretary 


No.  2,  1881 
No  3,  1882 
No.  5,   1884 


No.  6,  1885 
No.  7,  1886 
No.   12,   1891,  July 


No.   13,   1892,  July 
No.   14,    1893,  January 
No.   14,   1893,  July 


The  American  Society  of  Mechanical  Engineers 
29  West  39th  Street,  New  York 


WE  MAKE  CRANES  OF  ALL  TYPES  UP  TO  150  TONS— We  also  make 

grab  bucket  cranes 
and  hoists  for  coal 
storage  service. 

We  send  bulletins 

describing  same  on 

request. 

You  get  the  most 

Reliable  Cranes  in  the  "NORTHERN." 

Safety  to  Employees  Given  Especial  Consideration  in  All  Our  Designs 

NORTHERN   HIGH  GRADE  CRANES. 
NORTHERN  ENGINEERING  WORKS, Detroit. 

New  York  Office,   120  Liberty  St.  -  Chicago,     539Monaclnock 

29  " 


TRANSACTIONS 

VOL.  30 


The  American  Society  of  Mechanical  Engineers 

Among  many  valuable  papers,  the  following  deal  with  five  important 
branches  of  Mechanical  Engineering. 


CONVEYORS 

Hoisting  and  Conveying  Machi- 
nery. 

Continuous  Conveying  of  Ma- 
terials. 

The  Belt  Conveyor. 

Conveying     Machinery     in     a 
Cement  Plant. 

Performance  of  Belt  Conveyors 

PROPERTIES  OF  STEAM 

Thermal    Properties    of    Super- 
heated Steam. 

A  Method  of  Obtaining  Ratios 
of  Specific  Heat  of  Vapors. 

The    Total    Heat    of   Saturated 
Steam. 


Metal   Cutting  Tools   Without 
Clearance. 

Interchangeable  Involute  Gear- 
Tooth  Systems. 

Spur  Gearing  on  Heavy  Railway 
Motor  Equipments. 


GAS  POWER 

A  Simple  ContinuousGas  Calori- 
meter. 

Horse  Power,  Friction  Losses 
and  Efficiency  of  Gas  and  Oil 
Engines. 

A  Simple  Method  of  Cleaning 
Gas  Conduits. 

Loss  of  Fuel  Weight  in  a 
Freshly  Charged  Producer. 


MACHINE  SHOP  PRACTICE     STEAM  POWER  PLANT 


Comparison    of   Screw    Thread 
Standards. 

Efficiency  Tests  of  Milling  Ma- 
chines and  Milling  Cutters. 

Development  of  a    High-Speed 
Milling  Cutter. 


Fuel  Economy  Tests  at  a  Large 
Oil  Burning  Electric  Plant. 

Unnecessary    Losses    in    Firing 
Fuel  Oil. 

The    Slipping   Point   of    Rolled 
Boiler  Tube  Joints. 


BOUND,   HALF  MOROCCO,  $11.00  A  VOLUME 

The  American  Society  of  Mechanical  Engineers 
29  West  39th  Street,  New  York 
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ADVERTISING      SUPPLEMENT 


SECTION  5 


Engineering   Miscellany 


Machine   Shop  Equipment       ....               -  Section    1 

Power  Plant   Equipment          ....              -  Section  2 

Electrical   Equipment                 ....               -  Section   3 

Hoisting   and  Conveying   Machinery.     Power  Transmission      -  Section  4 

Engineering   Miscellany            ...               -               -  Section   5 

Directory  of   Mechanical   Equipment                ...  Section  6 


Simplex  and  Duplex 
'To  be  Simple  is  to  be  Great" 


AmericanService  Pumps 

are  ideal  for  intermittent  service. 
They  cannot  short  stroke,  race 
or  pound  and  can  be  adjusted  to 
suit  conditions.  We  guarantee 
very  low  steam  consumption  and 
minimum  cost  for  repairs. 

American  Steam  Pump  Company 

Battle  Greek,  Michigan 

Write  for  Bulletin  No.  SZ7  B 


ONCE  USED 
ALWAYS  USED 

When    Goulds   Efficient  Triplex  Power  Pumps 
are  specified  for  any  pumping  problem  you  can  rest 
assured  that  they  will  stand  up  under  the  most  severe 
conditions.    Experienced  Engineers  recommend  them 
for  every  service.     Catalog  sent  on  request. 

THE  GOULDS  MFG.  CO. 

78  W.  Fall  Street                      Seneca  Falls,  N.  Y. 
Branches  in  all  large  cities 

M 

CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all   Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &  HUBBELL,  Agents,  61-69  N.  Jefferson 

Street,  Chicago,  111. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 
New  York  Office,  139-41  Cortlandt  Street 


VENTURI      METER 

AN  ACCURATE  DEVICE  FOR  MEASURING 
HOT  WATER 

The  complete  Venturi  Meter,  consists  of  two  parts,  the  Meter-tube 
and  the  Indicator-Recorder.  The  Meter-tube,  the  only  part  of  the 
Meter  coming  in  contact  with  the  hot  water,  contains  absolutely  no 
mechanism  of  any  kind.  It  is  really  part  of  the  pipe  line,  and  can- 
not be  injured  by  water  hammer  or  the  most  violent  fiuctuations  of 
pressure  or  velocity.  It  can  be  set  at  any  convenient  angle,  vertically, 
horizontally,  uphill,  downhill,  it  makes  no  difference. 

Brief  description  of  the  Recording  Instrument  in 
next  month's  ad'-certisement. 

BUILDERS  IRON  FOUNDRY,  providence,  r.  i. 


PERFORATED   METALS 


ANYTHING  IN  PERFORATED  METAL 

^  We  perforate  Steel,  Copper,  Brass,  Zinc,  Tin,  Alumi- 
num or  any  other  Sheet  Metal  for  all  purposes  and  all 
sorts  of  Screens. 

^  Ornamental  Screens,  for  Heating  and  Ventilating 
Apparatus,  Radiator  Guards,  Elevator  Enclosures,  Lock- 
ers, Partitions,  Railway  Coaches,  Ventilators,  etc. 

^  For  Electrical  Manufacturing,  Storage  Batteries,  Rheo- 
stat and  Controller  Covers,  Car  Heaters,  Lamps,  Water 
Purifiers,  Electric  Vehicles,  Automobiles  and  other  uses. 

^  Our  Screens  are  used  in  Mining  and  Grain  Cleaning 
Machinery,  Textile  Mills,  Clay  Machinery,  Pulp  and 
Paper  Mills  and  for  screening  Stone,  Cement,  Coal,  etc. 

^  Standard  sizes  of  Perforated  Brass  and  Tin  only  in 
stock.     Other  work  is  to  order. 

^  Send  full  specifications  and  sample  if  possible,  as  we 
have  as  large  a  variety  of  sizes  and  patterns  of  dies  as  can 
be  found  anywhere. 

€[  Doubtless  we  have  just  what  you  want  or  can  make  it, 
and  quotations  will  be  satisfactory. 

THE  HARRINGTON  &  KING  PERFORATING  CO. 

61  5   North  Union  St.,  Chicago,  111..  U.  S.  A.  New  York  Office,  114  Liberty  Street 
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i    CHICAGO 
PNEUMATIC    TOOL 
I    COMPANY    I    \i 


General  Offices,    Fisher  Building.    Chicagfo 
Eastera  Offices,   50  Church  St.,  NewYorR 


anufacturers  of  Franklin  Air  Compressors 
and  a  complete  line  of  Pneumatic  Tools 
and  Appliances.     |         |         *  t 


FRANKLIN    AIR    COMPRESSORS   ARE 

especially  designed  for  all  classes  of  compressed  air 
equipment  in  machine  shops,  boiler  shops,  railroad 
shops,  ship  yards  and  in  bridge  and  building  con- 
struction work,  and  for  every  other  purpose  in  which 
compressed  air  is  employed. 
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DO  YOU  KNOW 

About  the  many  successful  applications  of 
Standard   Plain   Roller  Thrust  Bearings? 

Send  for  our  new  booklet 

STANDARD    ROLLER    BEARING    COMPANY 

PHILADELPHIA,  PA. 


New  Edition 


m 


"Graphite  as  a  Lubricant"  for  1910 

This  newest  edition  is  just  off  the  press  with  all  the  latest  information  on 

graphite  lubrication.     Big  type,  easy  to  read  and  worth  reading. 

Write  for  free  copy   199-C. 

JOSEPH  DIXON  CRUCIBLE  CO. 

JERSEY  CITY,  N.  J. 


Conveyors 

Papers  read  before 
The  American  Society  of  Mechanical  Engineers 

List 
No.  Price 

1190  Hoisting  and  Conveying  Machinery,  Titcomb $0.20 

1191  Continuous  Conveying  of  Materials,  Peck 20 

1192  The  Belt  Conveyor,  Baldwin 20 

1193  Conveying  Machinery  in  a  Cement  Plant,  Tomlinson.      .10 

1194  Performance  of  Belt  Conveyors,  Haddock 10 

1195  Discussion  on  1190,  1191,  1192,  1193,  1194 30 

Members'  rates  are  half  the  list  r  r  ce. 


Address,  Calvin  W.  Rice,  Secretary,  29  West  39th  Street,  New  York 


ENGINEERING  SCHOOLS  AND  COLLEGES 


CLARKSON 
SCHOOL  OF  TECHNOLOGY 

Thomas  S.  Clarkson  Memorial 
Organized  Under  Charter  of  the  Univer- 
sity OF  THE  State  of  New  York.  Courses 
leading  to  degrees  of  Bachelor  of  Science  in 
Chemical,  Civil,  Electrical  and  Mechanical 
Engineering,  comprising  four  years  of  thorough 
training  and  resident  college  work  In  theory  and 
practice  of  engineering.  Copies  of  Clarkson 
Bulletin,  published  quarterly,  mailed  on  appli- 
cation. 

Wm.  S.  Aldrich,  Director. 

POTSDAM,  N.  Y. 


TUFTS  COLLEGE 

Department  of  Engineering.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  insufficient  prepara- 
tion for  college  work.  For  information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.  G.  C.  Anthont,  Dean, 
TUFTS  COLLEGE  P.  O.,   MASS. 


THE   RENSSELAER  POLYTECH- 
NIC institute! 

Courses  in  Civil,  Mechanical  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees,  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.Y. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 


Course  in  Mechanical  Engineering, Even- 
ing Post-Graduate  Courses.  Fred.  VV.  Atkin- 
son, Ph.D.,  President;  W.  D.  Ennls,  Member 
A.  S.  M.  E.,  Professor  Mechanical  Engineering. 


NEW    YORK    UNIVERSITY 
SCHOOL  OF  APPLIED  SCIENCE 

Departments  of  Civil,  Mechanical  and  Chem- 
ical Engineering. 
For  announcements  or  information,  address 

Charles  Henry  Snow,  Dean. 
UNIVERSITY  HEIGHTS.  N.  Y.  CITY. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers— Constructors 
Electrical— Civil— Mechanical 

181  LaSalle  Street.  CHICAGO. 


BERT    L.    BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 
Plans,  Specifications  and  Superintendence  of 
Manufacturing  Buildings,   Plants  and   Equip- 
ments of  same. 

Perm  Building,  CINCINNATI,  OHIO 

WILLIAM  R.  CONARD 

Assoc.  A.  S.  M.  E.  and  A.  S.  C.  E. 

Inspection  of  Rails,  Bridge  Materials,  Building 
Materials  of  Iron  and  Steel  Cars,  Locomotives, 
etc. 

Specialty:  Inspection  of  all  Water-Works  Mate- 
rials, 322  High  Street,  BURLINGTON,  N.  J. 
Malson  Blanche  Bldg.,  NEW  ORLEANS,  LA. 
R.  C.  Huston,  C.  E.,  Southern  Representative 


F.  W.  DEAN 

Member  A.  S.  M.  E. 

Mill  Engineer  and  Architect. 

Exchange  Building,  53  State  St., 

BOSTON,  MASS. 


J.  A.  HERRICK, Consulting  Engineer 

Member  A.  S.  M.  E. 
The  Herrick  Patented  Gas  Producers,  Gas  and 
Air  Valves  Gas  Furnaces,  Regenerative  and  Di- 
rect Fired — all  purposes. 

Room  1603,  No.  2  Rector  St.,  N.  Y.  City 

HERMAN  JAKOBSSON 

Consulting  Engineer 

Member  A.S.M.E. 
Mechanical   Drafting  and  Designing.     Tech- 
nical Translation  and  Investigations  In  U.  S.  and 
Foreign  Patents. 

Victor  Bldg.,  724-726  Ninth  St.,  N.  W. 
Washington,  D.  C. 

CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 

Mill  Engineer  and  Architect 

201  D'evonshire  Street,"    ./BOSTON,  MASS^ 


J.  Wm.  PETERSON 

Lubrication  Engineer 

I   Specialty:  Plans,  Specifications  and  Superinten- 
dence of   Power  Plant  Oiling  Systems  and 
General  Machinery  Lubrication 


50  Church  Street 


SPECIAL  RATES 


NEW  YORK  CITY 


Will  be  quoted  on  request  for 
Professional  Cards. 
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Superheated  Steam 

Papers  read  before 

The  American  Society  of  Mechanical  Engineers    | 

from  1890  to  1908 

The  Society  has  a  hmited  number  of  copies  of  papers 

on  Super- 

heated  Steam  which  have  been  presented  before  it.    Orders  will  be 

filled 

until  the  supply  is  exhausted. 

Price  to      Non- 

No. 

Members  Members 

359 

Tables  of  the  Properties  of  Steam,  V.  Dwelshauvers- 

Dery |  1  .^ .«  30         1 

689 

Superheated  Steam,  Facts,  Data  and  Principles, 

R.  H.  Thurston 

25    50 

853 

Pumping  Engine  Test  ^vith  Superheated  Steam, 

E.  H.  Foster 

5     10 

905 

The  Practical  Application  of  Superheated  Steam, 

Geo.  A.  Hutchinson 

15    30 

906 

Superheated  Steam,  Ernest  H.  Foster 

5     10 

1024 

Tests  of  a  Compound  Engine  using  Superheated 

Steam,  D.  S.  Jacobus 

10     20 

1150 

The  Flow  of  Superheated  Steam  in  Pipes,  E.H.  Foster 

5     10 

1151 

Superheat  and  Furnace  Relations,  R.  P.  Bolton .  .  . 

5     10 

1152 

Entropy  Lines  of  Superheated  Steam,  A.  M.  Greene 

5     10 

1153 

The  Cole  Locomotive  Superheater,  W.  F.  M.  Goss . 

5     10 

1154 

Experiences  with  Superheated  Steam,  G.  H.  Barrus 

5     10 

1155 

The  Use  of  Superheated  Steam  in  an  Injector,  S.  L 

5     10 

1156 

Kneass    

5     10 

10     20 

Superheated  Steam  on  Locomotives,  H.  H.  Vaughan 

1158 

Materials  for  the  Control  of  Superheated  Steam, 

M.  W.  Kellogg 

5     10 

1178 

The  Specific  Heat  of  Superheated  Steam,  C.  C. 

1179 

Thomas 

30     60 

Designs  for  the  Use  of  Highly  Superheated  Steam, 

, 

M.  E.  R.  Toltz 

10     20 

1196 

Thermal  Properties  of  Superheated  Steam,  R.  C.  H. 

1211 

Heck 

15     30 

A  Method  of  Obtaining  Ratios  of  the  Specific  Heat 

of  Vapors,  A.  R.  Dodge 

10     20 

1212 

The  Total  Heat  of  Saturated  Steam,  H.  N  Davis  .  . 

15     30 

Set  complete $2.00  4.00 

Address  Calvtn  W.  Rice,  Secretary,  29  West  39th  St.,  New  York. 
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SECTION  6 


DIRECTORY 

OF 

MECHANICAL 
EQUIPMENT 


A  concise  reference  list  of  Machine  Shop,  Power  Plant  and 
Foundry  Equipment;   Pumping  Machinery;   Power 
Transmission  Machinery;   Electrical  Appa- 
ratus;   Hoisting    and    Conveying 
Machinery  and  allied  lines. 


MACHINE  SHOP  EQUIPMENT 


MACHINE  SHOP  EQUIPMENT 


BUTTERFIELD  k  CO. 

DERBY  LINE,  VT.  ROCK  ISLAND,  P.  Q. 

Manufacturers  of  Taps,  Dies,  Screw  Plates,  Stocks  and  Dies,  Tap 
Wrenches,  and  all  Thread  Cutting  Tools.  Our  goods  are  not  surpassed  by 
any  in  the  world. 


TAPS 

and 
DIES 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 
Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  Grinding  Wheels  for  every  possible  grinding  need.  Sharpening  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Grains  and  Powders,  and  Garnet  Paper. 


CARBORUNDUI 
PRODUCTS 


S.   W.   CARD  MFG.   CO. 

MANSFIELD,  MASS.,  U.  S.  A. 
Card  Quality  Taps  are  made  the  best  we  know  how  and  we  know  how 
to  make  the  best.     Established  1874. 


TAPS 


THE   J.    M.    CARPENTER  TAP  &  DIE  CO. 

PAWTUCKET,  R.  I. 
Carpenter's  Tools  for  cutting  Screw  Threads,  Taps,  Dies,  Screw  Plates, 
Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38  years  on  the  market 
and  38  years  in  the  lead. 


CINCINNATI  GEAR  CUTTING  MACHINE  CO. 
CINCINNATI,  O. 
Our    Automatic    Spur  Gear  Cutting  Machines  exceed  in    power   and 
capacity  and  equal  in  accuracy  any  machines  of  their  type  made. 


THE    CINCINNATI    SHAPER    CO. 

CINCINNATI,  O. 
We  manufacture  the   most  complete  line  of  Shapers  made,  including 
Plain  Crank,  Back  Geared  Crank,  Geared  Rack,  Open  Side  and  Traverse 
Shapers,  as  weU  as  Crank  Planers. 


THE  FELLOWS  GEAR  SHAPER  CO. 


SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the 
fastest  machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  m  detail. 


TAPS 
and 
DIES 


GEAR 

CUTTING 

MACHINES 


SHAPING 
MACHINES 


GEAR 
SHAPERS 
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MACHINE  SHOP  EQUIPMENT 


MILLING 
MACHINES 


THE  GAUVIN  MACHINE  COMPANY 

137  Varick  St.  NEW  YORK  CITY 

Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  Cut- 
ter Grinders,  Automatic  Chucks,  etc. 


NOISELESS' 
RIVETING 
MACHINES 


THE  GRANT  MANUFACTURING  &  MACHINE  CO. 
BRIDGEPORT,  CONN. 

Send  to  us  your  samples  and  we  will  rivet  them,  with  our  Noiseless,  Blowless, 
Spinning  Process,  and  retain  to  you  free  of  charge,  giving  rate  of  production  which 
is  usually  more  rapid  than  one  per  second. 


TURRET 
LATHES 


JONES  &  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two 
for  both  bar  and  chuck  work. 


HEAVY  DUTY 

BORING 

MILLS 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 
Vertical  Turret  Machines,  28"  and  34".     Vertical  Boring  and  Turning 
Machines,  42"  to  84",  inclusive. 


LATHES 

MILLING 

MACHINES 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,    OHIO. 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines. 
They  are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the 
cutting  tool.     It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MACHINE 
TOOLS 

ENGINEERING 
SPECIALTIES 


MANNING,  MAXWELL  &  MOORE,    Inc. 

SINGER  BUILDING,  NEW  YORK 
Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world   and   carry  in  stock  the  product   of  the  foremost  designers  of  the 
many  branches  of  machine  tool  building  in  the  United  States. 


DRILLS 

GRINDERS 

CENTERING 

AND  TAPPING 

MACHINES 


NATIONAL   MACHINE   COMPANY 

HARTFORD,  CONN. 

Sensitive  Drills,  1  to  10  Spindles;  Reamer  and  Surface  Grinders;  Cen- 
tering and  Tapping  Machines.  All  kinds  of  Universal  Printing,  Embossing, 
and  Cutting  and  Creasing  Machines.     Send  for  catalogue. 


BOLT  AND 

NUT 

MACHINERY 


THE   NATIONAL   MACHINERY   CO. 

TIFFIN,  OHIO 

We  build  a  complete  line  of  Bolt  and  Nut  Machinery,  including  Bolt  Cutters 
(threaders).  Bolt  and  Rivet  Headers,  Upsetting  and  Forging  Machines,  Hot  Pressed 
Nut  Machines,  Nut  Tappers,  Washer  Machines,  Wire  Nail  Machines  and  Lag  Screw 
Gimlet  Pointers. 
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MACHINE  SHOP   EQUIPMENT 


THE  NEW  PROCESS  RAW  HIDE  CO. 

SYRACUSE,  N.  Y. 

Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  all  kinds. 


PINIONS 

AND 

GEARS 


NILES-BEMENT-POND   CO. 

Ill  Broadway  NEW  YORK 

Metal  Working  Machine  Tools,  all  kinds  and  sizes.  Niles  Cranes,  2  to 
200  tons  capacity.  Hydraulic  ]\Iachinery.  Steam  and  Drop  Hammers. 
Cmall  Tools  and  Gauges.     Catalogs  mailed  upon  request. 


MACHINE 
TOOLS 
CRANES 


RUSSELL,   BURDSALL  ^'  \\'ARU  BOLT  &  NUT  CO. 

PORT  CHESTER,  N.  Y. 

Manufacturers  of  the  finest  grade  of  Bolts  and  Nuts  for  automobiles, 
machinery  and  engineering  work. 


BOLTS 

AND 
NUTS 


THE  STANDARD  TOOL  CO. 

CLEVELAND,  OHIO  94  Reade  St.,  NEW  YORK 

Twist  Drills,  Countersinks,  Chucks,  Sockets,  Emery  Wheel  Dressers, 
Wire  Gauges,  Reamers,  Taps,  Screw  Cutting  Dies,  Milling  Cutters,  Taper 
Pins. 


TWIST  DRILLS 

REAMERS 

CUTTERS 

TAPS 


AVALTHAM  MACHINE  WORKS 

WALTHAM,  MASS. 
Our  Bench  Lathes  swing  8",  will  take  f"  rod  through  the  chuck  and  the  workman- 
ship is  of  the  highest  watch  machine  standard.     It  is  a  necessity  in  the  modern  tool 
room.     Catalog    for  those   interested.     Also   makers  of   Automatic    Precision    Bench 
Machinery. 


PRECISION 
BENCH 
LATHES 


THE  WARNER  &  SU  ASEY  COMPANY 

New  York  CLEVELAND  Chicago 

We  offer  a  most  complete  line  of  high-grade  Turret  Lathes  for  produc- 
ing work  accurately,  rapidly  and  economically.  Our  catalog,  which  describes 
these  machines  fully,  will  be  mailed  on  request. 


TURRET 
LATHES 


WILEY  &  RUSSELL   MFG. 

GREENFIELD,  MASS. 


CO. 


Manufacturers  of  the  well-known  Lightning  "Machine  Relieved"  Taps,  Green 
River  and  Lightning  Screw  Plates;  Adjustable  Screw  Thread  Cutting  Dies;  Spiral 
Fluted  Reamers;  Opening-Die  Bolt  Cutters,  etc.     Send  for  catalogue  34X. 


SCREW  PLATES, 
TAPS, 
REAMERS, 
BOLTCUTTERS 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  1100.  Gas  Producer  Tests:  Fernald,  price  $.30;  No.  1126.  Producer  Gas  Power 
Plant;  Bibbins,  price  $.20;  No.  1133.  Evolution  of  Gas  Power:  Junge,  price  |.50;  No.  1166. 
Duty  Test  on  Gas  Power  Plant:  Bibbins  and  Alden,  price  $.40;  No.  1167.  Control  of 
Internal  Combustion:  Lucke,  price  $.20.  Price  per  set,  |1.50. 
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PAPERS 

ON 

GAS 

PRODUCERS 


STEAM   ENGINES  AND   BOILERS 


STEAM   ENGINES  AND   BOILERS 


WATER    TUBE 
BOILERS 


ALMY  ABATER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships, 
river  steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  Are  boats,  launches. 
Donkey  Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


ENGINES 


AMERICAN    ENGINE   CO. 

42  Raritan  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American    Ball  Angle  Compound  Engines.      Angle  com- 


pound, 80  to  1,000  h.  p.;    double  angle  compound,  160  to  2,000  h.  p. 
cylinder  triple,  120  to  1,600  h.  p. 


four 


WATER  TUBE 
BOILERS 


THE  BABCOCK  &  WILCOX  COMPANY 

.>  Liberty  Stkekt.  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


STEAM 
ENGINES 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  Ilish  Speed  Corliss  Engines  with 
non-detacliing  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


ENGINES 
STEAM  .NO  GAS 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.    Buckeye  Four-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  50  to  6000  h.  p. 


STEAM 
BOILERS  AND 

ENGINES 
FEED-WATER 

HEATERS 


ERIE  CITY  IRON  WORKS 

ERIE,   PA, 
Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable, 
open  bottom  portable  and  vertical  tubular.     Engines:  four  valve,  enclosed  high  speed, 
automatic,  center  crank,  side  crank,  portable.    Feed- Water  Heaters  from  25  to  (iOO  h.p. 


WATER-TUBE 
BOILER 


FRANKLIN  BOILER  WORKS  CO. 

TROY,  N.  Y. 
Sales  Office:  39  Cortlandt  St.,  NEW  YORK 
Manufacturers  of  the  Franklin  Water-Tube  Boiler.     Built  entirely  of 
wrought  steel.     Large  grate  service,  steam  space  and  forcing  capacity. 
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STEAM   ENGINES  AND   BOILERS 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 
HARRISBURG,   PA. 
Manufacturers  of  Fleming-Harrisburfj-  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


STEAM 
ENGINES 


HEINE  SAFETY  BOILER  CO. 

ST.  LOUIS,  MO. 

Heine  Water  Tube  Boilers  and  Superheaters,  manufactured  in  units  of 
from  50  to  600  H.  P..  will  materially  reduce  power  plant  expense. 


WATER 

TUBE 

BOILERS 


HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 
Makers  of  improved  Patent,  Double  Port  Corliss  Engines,  Heavy  Duty 
or  Girder  Frame,   Simple  or  Compound,  having  our  new  Franklin  High- 
speed Liberating  Valve  Gear. 


STEAM 
ENGINES 


THE  HOOVEN,  OWENS.  RENTSCHLER  CO. 

HAMILTON,  OHIO. 
Manufacturers  of  Hamilton  Corliss   Engines,   Hamilton  High  Speed 
Corliss   Engines,    Hamilton    Holzwarth   Steam   Turbines,    Special   Heavy 
Castings. 


ENGINES 
TURBINES 
CASTINGS 


A. 

L.   IDE  & 

SPRINGFIELD, 

SONS 

ILL. 

The  Ideal 

Eng 

ne. 

Built  for  all  power  purposes. 

in  sim{ 

le  and 

com- 

pound  types. 

MURRAY    IRON    AVORKS    CO. 

BURLINGTON,  lA. 
Manufacturers  of  the  Murray  Corliss  Engine  and  Murray  Water  Tube 
Boiler. 


STEAM 
ENGINES 


,      ENGINES 
I      BOILERS 


PROVIDENCE  ENGINEERING  WORKS    ]  oIVzng^ueb 

PROVIDENCE,  R.  I.  !  GAS 

Rice   &    Sargent   Higher   Speed   Corliss   Engines,    Improved   Greene  ^"steam''* 

Engines,  Providence  Gas  Engines  and  Gas  Producers,  Providence  Steam  tu RBINES 
Turbines,  Automobile  Motors  and  Parts,  Special  Machinery.                              , 


RIDGWAY  DYNAMO   AND  ENGINE  CO. 

RIDGWAY,  PA. 

Ridgway  Engines;  four-valve,  cross  compound,  belted,  single- valve, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 
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ENGINES 
GENERATORS 


STEAM  ENGINES  AND  BOILERS 


BOILERS 


ROBB-MUMFORD    BOILER   CO. 


SOUTH  FRAMINGHAM, 
BOSTON 


MASS. 

90  West  St.,  NEW  YORK 


Robb-Mumford  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


TURBINES 

EKGINES 

GAS 

PRODUCERS 

CONDENSERS 

STOKERS 


THE  WESTINGHOUSE  MACHINE  CO. 

EAST  PITTSBURG,  PA. 

Designers  and  builders  of  Steam  Turbines,  Steam  Engines,  Gas  En- 
gines, Gas  Producers,  Condensers  and  Mechanical  Stokers. 


AIR 
COMPRESSORS 


WISCONSIN    ENGINE   COMPANY 

CORLISS,  WIS. 
Corliss   Engines,    Air  and    Gas   Compressors,    High    Duty    Pumping 
Engines,  Blowing  Engines,  RoUing  Mill  Engines,  "Complete  Expansion" 
Gas  Engines. 


GAS  ENGINES  AND  GAS  PRODUCERS 


GAS 
ENGINES 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Gas  Engines  to  operate  on  producer  gas,  natural  gas  or 
furnace  gas,  capacities  from  300  to  5000  B.H.P. 


GAS  ENGINES 

AND 

PRODUCERS 


THE  BRUCE  MACBETH  ENGINE  CO. 

Successors  to  THE  BRUCE-MERIAM-ABBOTT  COMPANY 
2116   Centre  St.,  N.  W.     CLEVELAND,  O. 
Vertical  Gas  Engines,  Two  and  Four  Cylinders.     For  natural  or  pro- 
ducer gas.      15  to  300  H.  P,     Economy,  reliability  and  simplicity  unex- 
celled. 


REFRIGERATING 

and 

ICE    MAKING 

MACHINERY 

OIL   AND    GAS 

ENGINES 


GAS 

ENGINES 


DE  LA  VERGNE  MACHINE  COMPANY 

Foot  of  E.  138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity;  Oil 
Engines  up  to  250  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P. 


DU  BOIS  IRON  WORKS 

DU  BOIS,  PA. 
Du  Bois  Gas  Engines  operate  at  lowest  possible  fuel  expense  on  natural 
or  city  gas,  gasoline  or  producer  gas.     Speed,  gas,  air  and  electric  spark 
are  adjustable  while  engine  is  running.     Sizes  5  to  375  h.  p. 
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GAS   ENGINES  AND   GAS   PRODUCERS 


GAS  ENGINE  AND  POWER  CO. 

and 
CHARLES    L.    SEABURY   &    CO. 


MoRBis  Heights, 


Consolidated 


NEW  YORK  CITY 

Manufacturers  of  Seabury  Water  Tube  Boilers,  Marine  Steam  Engines  and  Speed- 
way Gasolene  Engines.     Also  Yacht  and  Launch  Builders. 


WATER  TUBE 
BOILERS 

MARINE    STEAM 
ENGINES 

SPEEDWAY 
GAS    ENGINES 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 
128-138  MoTT  St.,  NEW  YORK 

Oil  Engines,   Marine  and  Stationary,  2-200  h.  p.     Direct  coupled  or 
belted  to  Generators,  Air  Compressors,  Pumps,  Hoists,  etc.,  etc. 


OIL 
ENGINES 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  cajjable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  h.  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


GAS    ENGINES 

AND 

PRODUCERS 


STKUTHERS- WELLS  COMPANY 

WARREN,  PA. 

Warren  Vertical  and  Tandem  Gas  Engines  and  Section  Gas  Producers  have  heavy 
overload  capacity,  close  regulation,  positive  lubrication,  positive  circulation  of  cooling 
water.  No  joints  between  combustion  chamber  and  water  jackets.  All  valve  cages 
removable. 


GAS     ENGINES 

AND 

PRODUCERS 


POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


AMERICAN  INJECTOR  COMPANY 

DETROIT,  MICH. 
U.  S.  Automatic  Injectors,  Ejectors,  Jet  Pumps,  Drive  Well  Jet  Pumps, 
Exhaust  Injectors,  Fire  Plugs,  Grease  Cups,  Oil  Cups,  Oil  Pumps,  Water 
Gages,  Gage  Cocks,  lubricating  devices  and  other  steam  specialties. 


INJECTORS 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 

BOSTON,  MASS.  Established  1851 

Presssure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  loco- 
motive use.  The  American  Thompson  Improved  Indicator  with  new  improved  detent 
motion. 


VALVES 

GAUGES 

INDICATORS 


THE  ASHTON  VALVE  CO. 

BOSTON  NEW  YORK  CHICAGO 

Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 

Off  Valves,  Pressure  and  Vacuum  Gages.     All  of  a  superior  quality  and 

guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction 
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VALVES 
GAGES 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


CONDENSER 
TUBES 


BRIDGEPORT  BRASS  CO. 

BRIDGEPORT,  CONN. 
Brass  and  Copper  in  Tube,  Wire,  Sheets,  Rods,  etc.     We  make  Con- 
denser Tubes,  both  in  the  brass  and  admiralty  mixtures. 


RECORDING 

GAUGES 

and 

INSTRUMENTS 


THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 

Bristol's  Recording  Pressure  and  Vacuum  Gauges.  Bristol's  Recording  Ther- 
mometers. The  Wm.  H.  Bristol  Electric  Pyrometers.  Bristol's  Recording  Voltmeters, 
Ammeters  and  Wattmeters.  Bristol's  Recording  Water  Level  Gauges.  Bristol's  Time 
Recorders  and  Bristol's  Patent  .Steel  Belt  Lacing. 


INJECTOR 
CONDENSORS 


HENRY  W.   BITLKLEY 

ORANGE,  N.  J. 
The  Bulkley  Injector  Condensor  is  jjuaranteccl  to  form  the  best  vacuum 
by  head  of  water  or  by  supply   pump.      In  general  use  on  all  classes  of 
engines. 


VALVES 


CHAPMAN  VALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON       NEW  YORK       ST.  LOUIS       PITTSBURGH       CHICAGO       PHILADELPHIA       SAN  FRANCISCO 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.     Sluice  Gates. 
Send  for  catalogue. 


STEAM 
APPLIANCES 


CROSBY  STEAM  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

Steam,  Gas,  Hydraulic  Indicators:  Stati()nai> .  Marine,  Locomotive  Safety  Valves; 
Gages  for  all  purposes:  Recording  lustriiiiuiils:  Cliime  Whistler;  Sight  feed  Lubrica- 
tors; Globe  and  Angle  Valves,  Iron  and  Brass,  lor  liii,'h  pressures;  Blow-off  Valves;  Gage 
Testing  Instruments;  Boiler  Testing  Instruments;  Planimeters  and  other  specialties. 


BOILER 
WATER 

TREATMENT 
BOILER 

COMPOUND 


DEARBORN  DRUG  &  CHEMICAL  WORKS 

General  Offices  and  Laboratories:  3IcCormick  Bklg.,  CHICAGO 
Analyze  gallon  samples  of  boiler  waters,  and  furnish  reports  to  steam 
users,  p^ratis.     Prepare  scientific  water  treatment  for  the  prevention  of  scale, 
corrosion,  pitting,  foaming,  and  all  troubles  caused  from  boiler  waters. 


GRAPHITE 
PRODUCTS 


JOSEPH  DIXON  CRUCIBLE  CO. 

JERSEY  CITY,  N.  J. 
Miners,  importers  and  manufacturers  of  Graphite,   Plumbago,  Black- 
Lead  Pencils,  Crucibles,  Stove  Polish,   Lubricants,   Paints,  and  Graphite, 
Products  of  all  kinds. 


FEED  WATER 

HEATERS 

STEAM  AND  OIL 

SEPARATORS 

WATER 
PURIFICATION 


HARRISON  SAFETY  BOILER  WORKS 

3199  N.   17x11  St.,  PHILADELPHIA,  PA. 

COCHRANE  Open  Feed  Water  Heaters,  Steara  Stack  Heaters  and 
Receivers,  Steam  and  Oil  Separators,  Hot  Process  Water  Softening  Systems. 
Write  for  engineering  leaflets  (Series  45)  describing  uses. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


HOMESTEAD  VALVE  MANUFACTURING  COMPANY 

Works:     HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-oif  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam. 


Valves  unlike  all  others. 


VALVES 


HOPPES  MANUFACTURING  CO. 

47  James  St.  SPRINGFIELD,  OHIO 

Exhaust  Steam  Feed-Water  Heaters,  Live  Steam  Feed-Water  Purifiers, 
Steam  Separators,  Oil  Eliminators  and  Exhaust  Heads.  AU  machines 
guaranteed.     Prices,  catalogs  and  blueprints  on  request. 


FEED. WATER 

HEATERS 

PURIFIERS 

STEAM  AND  OIL 

SEPARATORS 

EXHAUST 

1  HEADS 


THE  HUGHSON  STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 


Mai 

UtM<-tu 

■I'lu 

bi-sl 

.11(1  (.11 

I'm 

i|)  Kv 

4:iilat(.r 

for 

compl 

etc  cat 

\'a1  ves  for  all  pressures  and  for  steam,  air  and  water. 
■Ic^s  Combination  Back  Pressure  and  Relief  Valve. 
I  in  flaps,  Automatic  Stop  and  Check  Valves.    Write 


VALVES 
STEAM  TRAPS 
SEPARATORS 
REGULATORS 


JENKINS  BROS. 

NEW  YORK  BOSTON  PHILADELPHIA  CHICAGO 

Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  Jenkins  Discs, 
Jenkins  '96  Packing,  Jenkins  Bros.  Pump  Valves,  Jenkins  Gasket  Tubing. 
Sole  agents  for  Sellers'  Restarting  Injector.     Catalog  mailed  on  request. 


VALVES 

PACKING 

DISCS 


ROBERT  A.   KEASBEY  CO. 

100  N.  Moore  St.  NEW  YORK  CITY 

Telephone:  tjOKT  Franklin. 
Heat  and  Cold  Insulating  Materials.      Headquarters  for  85%  Magnesia, 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


MAGNESIA 
ASBESTOS 

AND 
BRINE  PIPE 
COVERINGS 


THE  KENxNEDY   VALVE  MANUFACTURING  CO. 

ELMIRA,  N.  Y.  57  Beekman  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hydrants; 
Indicator  Valves  for  Automatic  Sprinkler  Equipment. 


VALVES 


LACLEDE-CHRISTY  CLAY  PRODUCTS  CO. 


Main  Office  and  Works 

Manchesterand  Sulphur  Aves. 

St.  Louis,  Mo. 


STOKER  DEPT. 


Branch  Office 

448  Com.  Nat.  Bank  Bldg. 

Chicago,  111. 


The  "Laclede-Christy"    Chain    Grates  have   solved   the    problem    of 
economical  boiler  plant  operation.      Catalogue  on  request. 


MECHANICAL 
STOKERS 


THE  LUDLOW  VALVE  MFG.   CO. 

TROY,  N.  Y. 
Manufacturers   of  genuine   Ludlow   Gajte   Valves    for   all   purposes. 
Special  Blow-off  Valves.       —      -    --  -  .    _.  .  ^,   .       ^   . 


Indicator  Posts. 


Check  Valves. 
Fire  Hydrants. 
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Foot  Valves.       Sluice  Gates. 


VALVES 

■  LOW-OFF 

VALVES 

FIRE  HYDRANTS 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


RAILWAY 
SPECIALTIES 
LUBRICATORS 


McCORD  AND  COMPANY 

CHICAGO  NEW  YORK 

The    McCord    Spring    Dampener.      The    McCord   Journal    Box.      The 
McCord  Draft  Gear.     The  McCord  Force-feed  Lubricator. 


VALVES 


MONARCH  VALVE  &  MANUFACTURING    COMPANY 

39  CoRTLANDT  St.,  NEW  YORK  SPRINGFIELD,  MASS. 

Manufacturers  of  Bronze  and  Iron  Bodied  Valves  for  various  pressures 
and  purposes. 


STEAM 
TRAPS 


MOREHEAD    MANUFACTURING 

DETROIT,  MICH. 


CO. 


Return,  Non-Return  ai 
is  the  original  design  of  1  itii 
tury.  For  reliable  and  satis 
trated  descriptive  catalog  st 


Steam  Traps.  The  Morehead  Tilting  Steam  Trap 
i\  ing  been  on  the  market  for  a  quarter  of  a  cen- 
N  ice  tliis  type  of  trap  recommends  itself.    Illus- 


VALVES 


NELSON  VALVE  COMPANY 

PHILADELPHIA 
Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  any  temperature.    Our 
new  2-24-page  Valve  Catalogue  sent  free  on  request. 


STEAM 

SEPARATORS 

TRAPS 


W.   H.   NICHOLSON  &  COMPANY 

WILKES-BARRE,  PA. 
The  Wyoming  Automatic  Eliminator  is  a  combination  Steam  Separator 
and  Trap.      It  has  the  capacity  to  handle  floods  as  well  as  ordinary  conden- 
sation.    Write  for  catalogue  on  separators  and  steam  traps. 


INJECTORS 

EJECTORS 

LUBRICATORS 

GREASE  CUPS 

GAUGES 

VALVES 


THE  OHIO  INJECTOR  COMPANY 

WADSWORTH,  O. 

Manufacturers  of  Ohio  Locomotive  Injectors,  Garfield  Injectors  and  Electors, 
Ohio  Automatic  Injectors,  Chicago  Automatic  Injectors  and  Ejectors,  Chicago  Sight- 
Feed  Lubricators  for  locomotive  and  stationary  service,  Grease  Cups,  Oil  Cups,  Water 
Gauges,  Gauge  Cocks,  O.  I.  Co.  Valves,  etc. 


SEPARATORS       POWER  PLANT  SPECIALTY  COMPANY 

FEED-WATER      ^25  MONADNOCK  Blk.,  CHICAGO,  ILL. 

HEATERS  Manufacturers  of  the  Vater  Two  Stage  Separator,  Vater  Water  Soften- 

SOFTENERS        ing  System,   Vater  Open    Feed  Water  Heater,   Monarch  A'acuum  Drain 
Trap,   Pressure  and  Gravity   Filters.      Correspondence  solicited. 


POWER  SPECIALTY  CO. 

SUPERHEATERS     111    BliOADWAY  NEW   YORK 

The  Foster  Patent  Superheater,  saves  feed  water,  condensing  water, 
coal  :uul  Iwiler  power. 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


WM.   B.   SCAIFE  &  SONS  COMPANY 

221  FiKST  Ave.,  PITTSBURG,  PA. 

WE-FU-GO  and  SCAIFE  Water  Softening,  Purifying-  and  Filtering 

Systems  for  boiler  feed  water  and  all  industrial  and  domestic   purposes 


WATER 
SOFTENING 
PURIFYING 

and 
FILTERING 
SYSTEMS 


JOHN  SIMMONS  COMPANY 

110  Centre  St.  NEW  YORK 

The  Rothchild  Rotary  Gate  Valve  is  the  only  Valve  made  that  will 
positively  hold  steam,  water,  ammonia,  gas,  air,  oil  or  other  fluids — hot 
or  cold,  without  any  adjustment,  repairs  or  replacing  of  parts. 


ROTARY 
GATE 
VALVE 


THE 

TIGHT 

JOINT  COMPANY 

306-310  East  47th 

Street 

NEW  YORK  CITY 

High  Pressure 
or   Oil    Pressures, 
Send  for  catalogue 

Fittings  and  Valves  for  general  hydraulic  systems 
for    pressures    of  500;    1000;   1500;  3000  and  5000 

Air 
lbs. 

1 

HIGH 

PRESSURE 

FITTINGS 


WHEELER  CONDENSER  &  ENG. 

Maix  Office  and  Works:    CARTERET,  N.  J. 


CO. 


Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative 
Dry  Vacuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


CONDENSERS 

PUMPS 

COOLING 

TOWERS 


C.  H.  AVHEELER  MFG.  CO. 


PHILADELPHIA,  PA. 

CHICAGO 


SAN  FRANCISCO 


Manufacturers  of  High  Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed  Water  Heaters,  Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


CONDENSERS 


COOLING 
TOWERS 


FEED-WATER 
HEATERS 


BLOWERS,   FANS,   DRYERS,   ETC. 


EXETER   MACHINE    WORKS 

EXETER,  N.  H. 

Manufacturers  of  Exeter  Pressure  Blowers  and  Fan  Blowers;  Exeter  Exhausters 
for  Wood;  Exeter  Ventilator  Wheels;  Large  Exeter  Fans  and  Exhausters  for  Heating, 
Ventilating,  Forced  and  Induced  Draft.    Catalogue  gives  details. 


BLOWERS 

FANS 

EXHAUSTERS 


P.   H.   &  F.   M.   ROOTS  CO. 

CONNERSVILLE,  IND. 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for 
vacuum  cleaning,  for  laundries,  for  blacksmiths.  Positive  Rotary  Pumps,  Positive 
Pressure  Gas  Exhausters.     High  Pressure  Gas  Pumps.     Flexible  Couplings. 


BLOWERS 

GAS 
EXHAUSTERS 
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BLOWERS,  FANS,  DRYERS,  ETC. 


DRYERS 


RUGGLES  COLES  ENGINEERING  CO. 

McCoRMicK    Bldg.,  CHICAGO  Htdso.v  Terjiixaj.,  new  YORK 


Dryers, 
materials. 


Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 


FANS 

BLOWERS 

CCONOMIZER8 

ENGINES 


B.   F.   STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to    force   or    exhaust  air  under    all  conditions. 
Largest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.     Consulting  representatives  in  or  near  your  city. 


POWER  TRANSMISSION 


PULLEYS 


THE   AMERICAN   PULLEY   CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  anv  one  make  of  pulley.  No  key,  no  set  screw,  no  slip;  light, 
true  and  amply  strong  for  double  belts.     120  stocks  carried  in  the  United  States. 


PULLEYS 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  of  Pulleys  in  tin-  world.  Our  Steel  Pulleys 
range  from  6  to  126"  diameter,  li  to  40"  fac-e,  and  fit  any  size  shaft  from  1 
to  8+".     Let  us  send  you  our  booklet  illustrating  all  styles. 


CHAIN 
DRIVE 


DIAMOND  CHAIN  Sc  MANUFACTITRING  CO. 

259  West  Georgia  St.  INDIANAPOLIS,   IXD. 

Diamond  Chains  are  more  durable  than  the  best  belts.  If  your 
short  transmissions  are  giving  trouble,  our  engineering  department  will  ad- 
vise you  free  of  charge. 


POWER 
TRANSMISSION 


DOIXiE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 
Everything    for  the  Mechanical   Transmission  of  Power.       Plans  and 
estimates  furnished  on  complete  mill  and  factory  equipments. 


Power 
Transmission 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 

Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 

for  belt,   rope    or  gear    driving,   including  the         "'    '  " 

Clutches  and  Hill  Collar  Oiling  Bearings. 
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well    known    Hill    Friction 


POWER  TRANSMISSION 


NATIONAL  BRAKE  k  CLUTCH  COMPANY 

16  State  Stkeet,  BOSTON,  MASS. 

We  license  others  to  manufacture,  use  or  sell  Cork  Insert  Pulleys,  Clutches  and 
Brakes.  They  increase  efficiency  50  to  100%,  and  are  used  in  automobile,  shafting  and 
machinery  clutches  and  in  motor,  shafting  and  machinery  pulleys.  Send  for  pam- 
phlets showing  fifty  applications. 


CORK   INSERT 


FRICTION 
SURFACES 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 
Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering-  library. 


T.   B.   WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern  and  Approved    Appliances    for   the   transmission   of   Power. 
Shafting,  Couplings,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 


Pulleys — Paper 


Friction 
Transmissk 


POWER 
TRANSMISSION 


HOISTING  AND  CONVEYING   MACHINERY 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolhng  Mill  and  Hydrauhc 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper-Con- 
verting Machinery,  etc. 


CRANES 

STEAM 
HAMMERS 
PUNCHES 

AND 
SHEARS 


BRODERICK  &  BASCOM  ROPE  COMPANY 

ST.    LOUIS,  MO. 

Manufacturers  of  Wire  Rope  for  over  a  quarter  of  a  century  and  of  the 
famous  Yellow  Strand  Wire  Rope,  the  most  powerful  rope  made. 

Special  system  of  Aerial  Wire  Rope  Tramways  for  conveying  material. 


WIRE   ROPE 

Aerial  Wire  Rope 
TRAMWAYS 


THE  BROWN  HOISTING  MACHINERY  CO. 

New  York  CLEVELAND,  O.,  U.  S.  A.  Pittsburg 

Designers  and  manufacturers  of  all  kinds  of  Hoisting:  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
heavy  Hoisting  Machinery  of  all  description.  Also  Ferroinclave  for  reinforced  con- 
crete roofing. 


HOISTING 
MACHINERY 


H.  W.  CALDWELL  &  SON  COMPANY 

New  York  CHICAGO  Boston 

Elevating,  Conveying  and  Power  Transmitting  Machinery.     Hehcoid  & 

screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheaves 

and  drives,  sprocket  wneels  &  cnam,  buckets,  belting,  shafting  and  bearings. 


CONVEYORS 

ELEVATORS 

POWER 

TRANSMISSION 


HOISTING 
ENGINES 
AND 
DERRICKS 


HOISTING  AND  CONVEYING  MACHINERY 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 
Hoisting'  Engines  and  Derricks.     All  sizes  and  types  of  engines. 


COAL 

STORAGE 

CONVEYING 

MACHINERY 


THE  J.  M.  DODGE  COMPANY 

NICETOWN,  PHILA.,  PA. 

Contracting-Engineers.  "The  Dodge  System"  of  coal  storage,  Bridge  Tramways, 
Telphers,  Locomotive  Cranes,  Revolving  Cranes,  Locomotive-Coaling  Stations,  Hoisting 
Towers,  Direct  Unloaders,  Car  Dumpers,  Steel  and  Concrete  Structures. 


ELEVATORS 

FRICTION 

CLUTCHES 

PULLEYS 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 
Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight  Ele- 
vators,   Hoisting   Machines,  Friction  Winding  Drums,   Friction    Clutches 
and  Friction  Clutch  Pulleys. 


CONVEYOR 
BELTS 


THE  B.   F.   GOODRICH  CO. 

AKRON,  OHIO 
Manufacturers  of  Goodrich  Conveyor  Belt.     The  Goodrich  "Longlife," 
"Economy"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  any  other  belt  made. 


ELEVATING 
CONVEYING 

MINING 
MACHINERY 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Co;d  Washeries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 


HOISTING 
ENGINES 


CABLEWAYS 


MARINE 
TRANSFER 


LIDGERWOOD  MFG.   CO. 

96  Liberty  St.  NEW  YORK 

Hoisting  Engines — steam  and  electric,   for  every  use  of  the  contractor,  miner, 

warehouseman,  railroads,  ship  owners,  etc.   Derricks,  Derrick  Irons  and  Derrick  Hoists, 

Cableways  for  hoisting  and  conveying.  Marine  Transfer  for  coal  and  car^o  ha  idling. 


ELEVATORS 

AND 
CONVEYORS 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 

Elevators  and  Conveyors  for   every  purpose;    all   accessories;    Power 
Transmission  Machinery. 


ELEVATING 

AND 
CONVEYING 
MACHINERY 


MEAD-MORRISON    MANUFACTURING  COMPANY 

NEW  YORK  BOSTON  CHICAGO 

HoisI 


Coal-Handling  Macliiucr) 
Plants,  Cable  Kailwavs,  Mari 
Electric,  Belt  and  Case. line  I 
Locomotive  Derricks.  Suspcn: 


ig  Engines,  complete  Discharging  and  .Storage 
u>  Kl.-vators.  McCaslin  and  Harrison  Conveyors,  Steam, 
oists.  Derrick  Swingers.  Grab  Buckets,  Steam  Boilers, 
ion  Cahlcways. 


HOISTING  AND   CONVEYING  MACHINERY 


THE   MORGAN   ENGINEERING    CO. 

ALLIANCE,  OHIO 
Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.     We 
also   design  and  build  Steel  Plants  complete,  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 


CRANES 


NORTHERN  ENGINEERING  WORKS 

DETROIT,  MICH. 
We  make  Cranes  of  all  types  up  to  150  tons.     We  also  make  Grab 
Bucket  Cranes  and  Hoists  for  coal  storage  service.  Cupolas,  Coal  and  Ash 
Handling  Machinery,  Elevators  and  Foundry  Equipment. 


CRANES 
HOISTS 


OTIS 

17  Battery  Pl., 


ELEVATOR  COMPANY 

NEW  YORK 


Electric  Elevators,  alternating  and  direct  connected;  Hydraulic  Elevators,  direct 
connected;  Hydraulic  Elevators,  vertical  and  horizontal;  Vertical  and  Plunger  Eleva- 
tors; Electric  Steam  and  Mining  Hoists;  Hand  Power  Elevators;  Gravity  Conveyors; 
Escalators. 


ELEVATORS 


THE 

H.  J.  REEDY 

CINCINNATI,  0. 

CO. 

Manufacturers  of 
vators. 

all 

types 

of  Passe  ng 

er  and 

Freight 

Ele- 

ELEVATORS 


JOHN  A.  ROEBLINGS  SONS  COMPANY 

TRENTON,  N.  J. 
Manufacturers  of  Iron,  Steel   and    Copper  Wire    Rope,  and    Wire  of 
every  description. 


WIRE   ROPE 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.     Gantries.     Wharf  Cranes.      Rail- 
road Wrecking  Cranes.     Electric  Motor  Controllers. 


CRANES 
CONTROLLER! 


STEPHENS-ADAMSON  MANUFACTURING  COMPANY 
AURORA,   ILL. 

Designers  and  builders  of  complete  Conveying  Systems  for  handling  ores,  coal, 
stone,  gravel,  sand,  cement,  clay  and  all  bulk  products,  including  Belt  Conveyors, 
Chain  Conveyors,  Screw  Conveyors,  Bucket  Elevators,  etc.,  with  capacities  up  lo  1000 
tons  per  hour. 


ELEVATING 
CONVEYING 


SCREENING 
MACHINERY 


WEBSTER  MFG. 

CO. 

2410-2432  W.  15th  St.,  CHICAGO,  ILL.       Hasten.  Branch 

88-90  Reade  St.,  NEW  YORK 

Manufacturers  of  F.levatiim-.  Conveyini;-  and  Towc 
all  purposes.     Over  thirty  yt'ais'  cxinTicncc  in  this  lii 
manufacturing  give  us  lari;v  aihantaiics.      Hi'lt  CdiiMvw 
sand,  gravel,  etc.     Coal  and  Asli  llandliim-  S\  stems   Un 
Chain  Belting.    Gearing. 

r  Transmitting  Machinery  for 
0   and   extensive   facilities  for 
IS  fur  liandling  cement,    ores, 
IJiiwer    plants  and  l)uil(lings. 

ELEVATING 
CONVEYING 

POWER 

TRANSMITTING 

MACHINERY 


CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


PUMPS   AND   HYDRAULIC  TURBINES 


THE   YALE   &   TOWNE    MFG.    CO. 

9  Murray  St.  NEW  YORK 

Makers  of  the  Triplex  Block  and  Electric  Hoists.  The  Triplex  Block 
is  made  in  14  sizes,  with  a  lifting  capacity  of  from  ^  to  20  tons;  Electric 
Hoist  in  10  sizes,  i  to  16  tons. 


PUMPS  AND   HYDRAULIC  TURBINES 


HYDRAULIC 
TURBINES 


PUMPING 
MACHINERY 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 
Builders  of  Reaction  and  Impulse  Turbines,  in  capacities  up  to  20,000 
H.P.    High  Duty  Pumping-  Engines,  Centrifugal  Pumps,  Single  and  Multi- 
stage; Screw  Pumps,  Elevator  Pumps,  Geared  Pumps,  Mine  Pumps  and 
Electrically  Driven  Pumps.    Hydraulic  Transmission  Pumping  Machinery. 


PUMPING 
MACHINERY 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 


Manuf.K 
The  valve  iii< 
low  mainteiK 
expenses.     I> 


[  and  American  Steam  and  Power  Pumping  Machinery. 
tor  efficient  and  reliable  service,  which,  combined  with 
ajipcnl  to  engineers  who  desire  to  reduce  their  operating 
•quest. 


TURBINE 
PUMPS 


ATLANTIC  HYDRAULIC  MACHINERY  CO.,   Inc. 
PHILADELPHIA,  PA. 

Our  Turbine  Pumps  are  light,  coiniKiratively  low  priced,  constructed 
according  to  the  latest  designs,  liiglilx  cfluient.  We  guarantee  to  each 
customer  to  fill  his  individual  requirements  exactly. 


VENTURI 
METERS 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 
Venturi  Meters  measure  cold  water,  hot  water,  brine  and  chemicals.    They  are 
used  on  gravity  supplies  and  to  check  performance  of  centrifugal  and  reciprocating 
pumps.    Usual  sizes  from  2"  to  60".    Larger  sizes  in  use.     Full  set  of  bulletins  on 
request. 


PUMPS 
CONDENSERS 


M.  T.  DAVIDSON  CO. 

43-53  Keap  St.,  BROOKLYN,  N.  Y. 
New  York:  154  Nassau  St.  Boston:  30  Oliver  St. 

High  grade  economical  Pumps  for  all  services.     Surface  and  Jet  Con- 
densers. 


PUMPS 
HYDRAULIC 
MACHINERY 


THE  GOULDS  MANUFACTURING  COMPANY 
SENECA  FALLS,  N.  Y. 
Manufacturers  of  Eflflcient  Triplex  Power  Pumps  for  general  water  supply,  muni- 
cipal water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed 
pumps,  chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and 
hand  pumps  of  every  kind. 
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PUMPS   AND   HYDRAULIC  TURBINES 


GOYNE  STEAM  PUMP  CO. 

ASHLAND,  PA. 

Manufacturers  of  Mining  Pumps  for  any  service  or  capacity.  Most  Engineers 
know  tliat  the  life  of  the  superior  mining  pump  is  from  two  to  four  times  that  of  the 
ordinary  on  the  same  service.  Why  then  let  a  difference  of  from  25  to  even  50^  in  first 
cost  determine  your  selection? 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


MINING 
PUMPS 


WATER 
WHEELS 


MORTIIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Boilers. 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 

BOILERS 


WILLIAM  E.   QUIMBY,  INC. 

548-50  West -230  St.  NEW  YORK 

Have  a  shop  on  23d  Street,  New  York,  equipped  with  large  and  accurate 
tools  and  do  a  general  machine  business.  Also  manufacture  the  Quimby 
Screw  Pump  and  Quimby  Electric  Sump  Pump. 


Machinists 

PUMPS 

Manufacturers 


PAPERS  FROM  TRANSACTIONS    OF  A.  S.   M.   E. 

No.  291.   Surface  Condensers:  J.  M.  Whitham,  price  f.lO;  No.  534 
Evaporative  Surface  Condenser:  J.  H.  Fitts,  price  |.1();  No.  693.    A 
Cooling  Condenser:  Ralberger,  price  $.•20;  No.  1072.   Condensers  for  S 
Turbines,  price  $.20. 

An 
Self- 
.eam 

PAPERS 

ON 

CONDENSERS 


ELECTRICAL  APPARATUS 


ALLIS-CHALMEUS  COMPANY 

MILWAUKEE,  WISCONSIN  MOTORS 

Builders   of  Electrical  Machinery   of  every   description;  Motors   and  AND 

Generators  for  alternating  and  direct  current;  Rotary  Converters,  Trans-    qenERATOR! 
formers.  Switchboards.  [ 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 
The  General  Electric  Company  has  equipped  machines  of  all  kinds  with 
its  motors.     For  each  kind  of  machine  there  is  an  equipment  of  motor  and 
controller  that  is  best. 


ELECTRIC 
DRIVE 


ELECTRICAL  APPARATUS 


ELECTRIC 
MOTORS 


RELIANCE  ELECTRIC  &  ENGINEERING  CO. 
CLEVELAND,  OHIO 

Our  specialty  is  Machine  Shop  Drives.  We  will  design  all  parts  for  the  conver- 
sion of  your  belt  driven  machines  into  motor  drive.  Manufacturers  of  the  Reliance 
Adjustable  Speed  Motor.    Also  a  complete  line  of  D.C.  and  A.C.  Constant  Speed  Motors. 


GENERATORS 

MOTORS 

HOISTS 

FANS 


SPRAGUE  ELECTRIC  COMPANY 

327-531  W.  34th  St.,  NEW  YORK 

Manufacturers  of  D.  C.  Generators,  Electric  Motors,  Electric  Hoists, 
Electric  Fans,  Conduits,  Armored  Cable,  Outlet  Boxes,  Armored  Hose.      i 


DYNAMOS 
MOTORS 

Transformers 
instrument's 


WAGNER  ELECTRIC  MFG.   COMPANY 

ST.  LOUIS,  MO. 

Producers  of  the  commercially  successful  Single-phase  Motor.  Pioneers  in  Power 
and  Lighting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  poly- 
phase generators  and  motors  the  market  affords.  Manufacturers  of  the  most  compre- 
hensive line  of  switchboard  and  portable  instruments  offered  to-day. 


ELECTRIC 
MOTOR 
DRIVE 


WESTINGHOUSE  ELECTRIC  &  MFG.   CO.  \ 

PITTSBURG,  PA. 
"Westing-house   Electric    Motor   Drive.      Pumps,  compressors,  hoists, 
machine  tools  and  every  class  of  apparatus  develop  their  highest  efficiency 
when  individually  driven  with  Westinghouse  Motors. 


AIR   COMPRESSORS  AND  PNEUMATIC  TOOLS 


AIR 

Compressors 


THE   BLAISDELL   MACHINERY   CO. 

BRADF'ORD,  PA. 

NEW  YORK  BOSTON  CHICAGO 

Blaisdell  Air  Compressors  are  manufactured  in  all  sizes  for  all  purposes. 


AIR 

COMPRESSORS 

PNEUMATIC 

TOOLS 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILL. 

Manufacturers   of  Franklin  Air  Compressors    and   a  coinpli-te  line  of 
Pneumatic  Tools  and  Appliances. 


AIR 
COMPRESSORS 


THOS. 

H. 

DALLETT  CO. 

YoKK  AND  23Hiy  Sr. 

PHILADELPHIA,  PA. 

Our  Compressors  are   e\c 
bearing  surfaces;  all  workintJ:  p. 
eharge  valves.     Are  particular! 
80  oil.  ft.  per  niiiiiito  up  to  l^uu 

■ptiol 

lis  Ml 

■ill\    iii;i-si\r  and   rigid  in  design;  have   liberal 
o  rcadih  acir-sible;  have  special  intake  and  dis- 
)lc.l  r..i  hi^'li  .lass  installations.    Capacities  from 
Write  lorcaLalogue. 
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FOUNDRY  EQUIPMENT 


FOUNDRY   EQUIPMENT 


J.   W 


PAXSON  CO. 

Pier  45  North  PHILADELPHIA,  PA. 

Manufacturers  and  enp:ineers.  Complete  Foundry  Equipment.  Cupolas, 
Blowers,  Sand  Blast  Machinery,  Cranes,  Tramrail  Systems.  Foundry 
Buildings  designed.   Foundry  Sand,  etc. 


FOUNDRY 
EQUIPMENT 


WHITING  FOUNDRY  EQUIPMENT  CO 

HARVEY,  ILL. 
Have  complete  equipment  and  Cranes  of  all  kinds  for  grey  iron,  steel 
and  malleable  Foundry  Plants.     Buildings  designed  and  furnished;  equip- 
ment installed  and  operated. 


FOUNDRY 

PLANT 

EQUIPMENT 


ENGINEERING  MISCELLANY 


DODGE,  DAY  &  ZIMMERMANN 

PHILADELPHIA 

Our  Engineering  Service  provides  for  the  planning,  construction  and  equip- 
ment of  buildings  to  meet  both  present  and  future  requirements  of  indus- 
trial plants.     See  page  advertisements  in  the  February  and  May  numbers. 


INDUSTRIAL 
PLANTS 


THE  HARRINGTON  &  KING  PERFORATING  CO. 
No.  615  North  Union  St.  CHICAGO,  ILL.,  U.  S.  A. 

Manufacturers  of  Perforated  Metals  of  every  description  for  all  pur- 
poses and  for  screens  of  all  kinds.     See  advertisement  on  page  2S. 

New  York  Office:  No.  II4.  Liberty  St. 


PERFORATED 
METALS 


STANDARD  ROLLER  BEARING  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA  PA. 

Largest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  all 
purposes 


Steel,  Bronze  and  Brass  Balls. 


BALL 

and 

ROLLER 

BEARINGS 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.   E. 

No.  824.  New  System  of  Valves  for  Steam  Engines,  Air  Engines  and  Compressors: 
F.  \V.  Gordon,  price  1.20;  No.  894.  Test  of  an  Hydraulic  Air  Compressor:  W.  O. 
Webber,  price  $.10;  No.  1017.  Improvement  in  Valve  Motion  of  Duplex  Air  Compres- 
sors: S.H.  Bunnell,  price  $.10:  No.  1131.  A  High  Duty  Air  Compressor:  O.P.Hood, 
price  $.30. 


PAPERS 
ON 
AIR 

Compressors 


DODGE, DAV&  ZIMMERMANK 

ENGINEERS 

PHILADELPHIA,  PA. 


T~^HE  co-partnership  under  the 
firm  name  of  Dodge  &  Day 
was  formed  in  the  year  1 902  by 
Kern  Dodge  and  Charles  Day. 
In  the  year  1907  John  E.  Zim- 
mermann  was  admitted  as  a 
partner;  the  firm  name  remaining 
unchanged. 

The  undersigned  now  beg  to 
announce  that  the  firm  name  has 
been  changed  to  Dodge,  Day  & 
Zimmermann. 

KERN  DODGE 

CHARLES  DAY 

JOHN   E.  ZIMMERMANN 


608  CHESTNUT  STREET 
SEPTEMBER   1910 
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COMING  MEETINGS 

MEETING  IN  NEW  YORK,  NOVEMBER  9 

The  regular  New  York  meeting  of  the  Society,  which  is  ordinarily 
held  on  the  second  Tuesday  of  each  month,  will  be  held  in  November 
on  the  day  following,  i.  e.,  Wednesday,  November  9,  since  Election 
Day  this  year  falls  on  the  second  Tuesday.  The  paper  of  the  evening 
will  be  by  EUis  Soper,  Mem.  Am.  Soc.  M.  E.,  Detroit,  Michigan,  on 
the  Rotary  Kiln,  published  in  The  Journal  for  October,  and  there 
will  be  discussion  by  several  engineers  interested  in  the  cement  indus- 
try. Following  this  paper,  Chas.  Whiting  Baker,  Mem.  Am.  Soc.  M.E., 
Editor  of  Engineering  News,  who  was  a  member  of  the  engineer- 
ing commission  which  went  to  Panama  with  President  Taft  in  1909, 
will  give  an  illustrated  lecture  on  the  subject  of  the  Panama  Canal. 
Mr.  Baker  has  many  views  of  work  in  progress  and  will  give  the 
results  of  his  personal  observations  during  his  visit  to  the  canal  zone. 

MEETING  IN  BOSTON,  NOVEMBER  10 

The  meeting  in  Boston  on  November  10  will  be  in  charge  of  The 
American  Society  of  Mechanical  Engineers;  the  Boston  Society  of 
Civil  Engineers,  the  Boston  section  of  the  American  Institute  of 
Electrical  Engineers  and  the  Boston  Chamber  of  Commerce  cooper- 
ating. 


SOCIETY  AFFAIRS 


The  meeting  will  be  a  topical  discussion  on  Smoke  Abatement  in 
Boston,  participated  in  by  D.  F.  Randall,  Mem.  Am,  Soc.  M.  E.  and 
others,  and  will  be  held  in  the  auditorium  of  the  Edison  Company, 
39  Boylston  Street. 

MEETING  IN  ST.  LOUIS,  NOVEMBER  12 

A  joint  meeting  of  the  Society  with  the  Engineers  Club  of  St. 
Louis  will  be  held  in  the  Auditorium  of  the  Engineers  Club  of  St. 
Louis,  3815  Olive  St.,  on  November  12. 

THE  ANNUAL  MEETING 

The  Annual  Meetino;  of  the  Society  will  be  held  in  New  York 
December  6-9,  1910.  The  assi:^nment  of  papers  for  the  meeting 
will  be  made  from  those  published  in  The  Journal  for  October, 
November  and  December.  The  pro^iram  for  the  meeting  is  in  prep- 
aration and  will  be  announced  at  an  early  date. 

RAILROAD  TRANSPORTATION  NOTICE 

Arrangements  for  hotel,  transpjrtation  and  Pullman  car  accom- 
modations should  be  made  personally. 

For  members  and  guests  attending  the  Annual  Meeting  in  New 
York,  December  6-9,  1910,  the  special  rate  of  a  fare  and  three-fifths 
for  the  round  trip,  on  the  certificate  plan,  is  granted  when  the  regular 
fare  is  75  cents  and  upwards,  from  territory  specified  below. 

a  Buy  your  ticket  at  full  fare  for  the  going  journey,  between 
December  2  and  8  inclusive,  and  get  a  certificate,  not  a 
receipt,  securing  these  at  least  half  an  hour  before  the 
departure  of  the  train. 
b  Certificates  are  not  kept  at  all  stations.  If  your  station 
agent  has  not  certificates  and  through  tickets,  he  will 
tell  you  the  nearest  station  where  they  can  be  obtained. 
Buy  a  local  ticket  to  that  point  and  there  get  your  cer- 
tificate and  through  ticket. 
c  On  arrival  at  the  meeting,  present  your  certificate  to  S. 
Edgar  Whitaker,  office  manager,  at  the  Headquarters.  A 
fee  of  25  cents  will  be  collected  for  each  certificate  vali- 
dated.   No  certificate  can  be  validated  after  December  9. 
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d  An  agent  of  the  Trunk  Line  Association  will  validate 
certificates,  Dec.  7,  8,  9.  No  refund  of  fare  will  be  made 
on  account  of  failure  to  have  certificate  validated. 

e  One-hundred  certificates  and  round  trip  tickets  must  be 
presented  for  validation  before  the  plan  is  operative.  This 
makes  it  important  to  show  the  return  portion  of  your 
round  trip  ticket  at  Headquarters. 

/  If  certificate  is  validated,  a  return  ticket  to  destination  can 
be  purchased,  up  to  Dec.  13,  on  the  same  route  over  which 
the  purchaser  came,  at  three-fifths  the  rate. 
This  special  rate  is  granted  only  for  the  following: 
Trunk  Line  Association: 

All  of  New  York  east  of  a  line  running  from  Buffalo  to  Salamanca,  all  of 
Pennsylvania  east  of  the  Ohio  River,  all  of  New  Jersey,  Delaware  and  Mary- 
land; also  that  portion  of  West  Virginia  and  Virginia  north  of  a  line  running 
through  Huntington,  Charleston,  White  Sulphur  Springs,  Charlottesville,  and 
Washington,  D.  C. 

Central  Passenger  Association : 

The  portion  of  Illinois  south  of  a  line  from  Chicago  through  Peoria  to  Keokuk 
and  east  of  the  Mississippi  River,  the  States  of  Indiana,  and  Ohio,  the  portion 
of  Pennsylvania  and  New  York  north  and  west  of  the  Ohio  River,  Salamanca 
and  Buffalo,  and  that  portion  of  Michigan  between  Lakes  Michigan  and  Huron. 

Eastern  Canadian  Passenger  Association: 

Canadian  territory  east  of  and  including  Port  Arthur,  Sault  Ste.  Marie 
Sarnia  and  Windsor,  Ont. 


REPORTS  OF  MEETINGS 

MEETING  IN  NEW  YORK,  OCTOBER  11 

New  York  monthly  meetings  of  the  Society  were  resumed  on  Octo- 
ber 11,  when  a  paper  was  presented  by  Frank  B.  Gilbreth,  on  Fires: 
Effects  on  Building  Materials  and  Permanent  Elimination.  The 
meeting  was  held  in  the  Engineering  Societies  Building  with  an 
attendance  of  176. 

The  paper  was  discussed  by  J.  P.  H.  Perry,  of  the  Turner  Con- 
struction Co.,  who  emphasized  the  value  of  reinforced  concrete  in 
the  construction  of  fireproof  buildings,  illustrating  his  remarks  by  a 
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number  of  lantern  slides.  H.  deB.  Parsons,  consulting  engineer, 
used  an  interesting  series  of  slides  to  show  the  effect  of  fires  on  tall 
buildings.  Ira  H.  Woolson,  of  the  National  Board  of  Fire  Under- 
writers, called  attention  with  the  aid  of  the  lantern,  to  the  danger  of 
present  methods  of  building  construction,  especially  as  applied  to 
apartments  and  dwelling  houses,  in  which  little  or  no  attempt  at  fire- 
proofing  is  made.  F.  A.  Waldron,  industrial  engineer,  used  a  number 
of  slides  to  illustrate  the  advantages  of  reinforced  concrete  for  fac- 
tory buildings.  P.  H.  Bevier,  chief  engineer  of  the  National  Fire 
Proofing  Co.,  discussed  the  use  of  hollow  tile;  Wm.  D.  Grier,  of  the 
National  Fire  Protection  Association,  took  up  numerous  phases  of 
the  use  of  fireproof  material ;  and  written  discussion  was  offered  by 
E.  E.  Seyfert,  of  Pittsburg;  Chas.  T.  Main,  of  Boston,  and  C.  A.  P. 
Turner,  of  Minneapolis. 

MEETING  IN  SAN  FRANCISCO,  OCTOBER  14 

Under  the  direction  of  the  Meetings  Committee,  the  activities  of 
the  Society  are  developing  in  a  way  that  is  truly  national.  Meet- 
ings are  held  in  various  cities  to  enable  members,  many  of  whom  can 
seldom  attend  the  New  York  meetings,  to  strengthen  their  acquaint- 
ance among  engineers  and  to  participate  in  the  discussion  of  papers. 
During  the  past  year  meetings  have  been  held  regularly  in  Boston, 
New  York  and  St.  Louis,  and  during  the  coming  year  they  will  also 
be  held  in  San  Francisco  and  probably  other  cities. 

The  initial  meeting  in  San  Francisco  was  held  on  October  14,  when 
members  of  the  Society  resident  in  San  Francisco  and  vicinity  gath- 
ered at  the  Palace  Hotel  to  effect  an  organization.  Calvin  W.  Rice, 
Secretary,  went  out  from  New  York  for  the  purpose  of  meeting  mem- 
bers in  San  Francisco,  assisting  in  the  organization  and  addressing 
the  first  meeting. 

The  gathering  was  a  success  in  every  respect.  The  local  members 
were  enthusiastic  and  it  is  believed  that  much  good  will  result  to 
those  residing  on  the  Pacific  slope  as  well  as  to  other  members  who 
will  be  benefited  indirectly  through  the  publication,  in  The  Journal, 
of  material  upon  important  engineering  work  in  progress  in  that 
section  of  the  country.  A.  M.  Hunt  was  elected  Chairman  and  T. 
W.  Ransom  Secretary.  Prof.  W.  F.  Durand,  E.  C.  Jones  and  Thomas 
Morrin  will  constitute  the  Executive  Committee. 

A  resolution  was  adopted  inviting  the  Society  to  hold  its  semi- 
annual meeting  in  San  Francisco  during  the  Panama-Pacific  Expo- 
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sition  in  1915  and  the  suggestion  was  made  to  the  Council  that  an 
international  meeting  of  mechanical  engineering  societies  be  held 
at  the  same  time. 

It  is  proposed  to  hold  four  local  meetings  in  San  Francisco  annu- 
ally. 

MEETING  IN  ST.  LOUIS,  OCTOBER  15 

At  the  meeting  of  the  Society  in  St.  Louis  on  October  15,  the 
Engineers  Club  participating,  the  paper  by  Frank  B.  Gilbreth,  on 
Fires:  Effects  on  Building  Materials  and  Permanent  Elimination, 
was  presented.  W.  H.  Bryan  presided  and  in  the  absence  of  the  author 
the  paper  was  presented  by  Prof.  E.  L.  Ohle,  Mem.  Am.  Soc.  M.  E., 
and  was  discussed  by  E.  D.  Meier,  A.  A.  Aegerten,  James  Water- 
worth,  Prof.  H.  W.  Hibbard,  W.  H.  Bryan,  R.  W.  Maxton,  G.  R. 
Wadleigh,  A.  B.  Greensfelder  and  others. 

MEETING  IN  BOSTON,  OCTOBER  19 

The  meeting  in  Boston  on  October  19  was  conducted  by  the  Bos- 
ton Society  of  Civil  Engineers;  The  American  Society  of  Mechanical 
Engineers  and  the  Boston  section  of  the  American  Institute  of  Elec- 
trical Engineers  cooperating. 

Prof.  Thomas  A.  Jaggar  presented  a  paper  on  An  Account  of  the 
Destruction  of  Carthego,  Costa  Rico,  by  Earthquake  on  May  4, 
1910.  Prof.  Chas.  M.  Spoffard  and  Frank  B.  Gilbreth,  Mem.  Am. 
Soc.  M.  E.,  discussed  the  effects  of  earthquakes  on  different  classes 
of  structures  with  the  aid  of  a  number  of  views  of  the  destruction 
caused  by  earthquakes  in  Carthego  and  elsewhere.  The  attendance 
was  about  250. 

THE   JOHN   FRITZ   MEDAL   AWARD   FOR    1910 

The  John  Fritz  Medal  was  established  by  the  professional  asso- 
ciates and  friends  of  John  Fritz,  Hon.  Mem.  Am.  Soc.  M.  E.,  of  Beth- 
lehem, Pa.,  on  August  21st,  1902,  his  eightieth  birthday,  to  perpet- 
uate the  memory  of  his  achievements  in  industrial  progress.  The 
Medal  is  awarded  by  a  Board  of  sixteen,  made  up  in  equal  numbers 
from  the  membership  of  the  American  Society  of  Civil  Engineers, 
the  American  Institute  of  Mining  Engineers,  The  American  Society 
of  Mechanical  Engineers  and  the  American  Institute  of  Electrical 
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Engineers.  It  is  awarded  for  notable  scientific  or  industrial  achieve- 
ment, and  there  is  no  restriction  on  account  of  nationality  or  sex. 

Awards  of  this  medal  to  date  have  been  made  as  follows : 

The  first  (1905)  to  Lord  Kelvin  for  his  work  in  cable  telegraphy 
and  other  scientific  attainments. 

The  second  (1906)  to  George  Westinghouse  for  the  invention  and 
development  of  the  air  brake. 

The  third  (1907)  to  Alexander  Graham  Bell  for  the  invention  and 
introduction  of  the  telephone. 

The  fourth  (1908)  to  Thomas  Alva  Edison  for  the  invention  of 
the  duplex  and  quadruplex  telegraph;  the  phonograph;  the  devel- 
opment of  a  commercially  practical  incandescent  lamp;  the  develop- 
ment of  a  complete  system  of  electric  lighting,  including  dynamos, 
regulating  devices,  underground  system  protective  devices  and  meters. 

The  fifth  (1909)  to  Charles  T.  Porter  for  his  work  in  advancing  the 
knowledge  of  steam  engineering  and  in  improvements  in  engine 
construction. 

The  Medal  for  1910  has  been  awarded  to  Alfred  Noble,  Mem.  Am. 
Soc.  M.  E.,  for  notable  achievements  as  a  civil  engineer,  and  will  be 
presented  at  a  meeting  to  be  held  at  the  House  of  the  American  Soci- 
ety of  Civil  Engineers  on  the  evening  of  Wednesday,  November  30, 
1910,  at  8.30  p.m.  All  members  of  the  four  national  societies  and 
others  who  may  be  interested  are  invited  to  be  present.  Dr. 
Samuel  Sheldon,  Past-President,  Am.  Inst.  E.E.,  now  President  of 
the  Board  of  Award,  will  preside  and  addresses  will  be  made  by 
Isham  Randolph,  Mem.  Am.  Soc.  C.  E.,  of  Chicago,  Rossiter  W. 
Raymond,  Secretary  Am.  Inst.  M.  E.,  and  others. 

THE  LATE  WORK  OF  CHARLES  T.  PORTER 

In  The  Journal  for  October  appeared  a  short  account  of  the  impor- 
tant engineering  services  of  the  late  Chas.  T.  Porter,  which  the  pro- 
fession recognized  by  presenting  to  him  the  John  Fritz  Medal  in 
1909.  During  the  latter  years  of  his  life,  Mr.  Porter  was  in  retire- 
ment, but  he  gave  evidence  from  time  to  time  that  he  had  not  alto- 
gether ceased  his  activities  in  the  direction  of  improving  the  high- 
speed steam  engine.  In  1904  he  presented  to  the  Society  four  papers 
on  an  advanced  form  of  high-speed  engine,  which  he  had  built  and 
tested,  and,  it  is  known  that  he  hoped  to  complete  a  system  of  power 
development  which  would  make  it  possible  to  obtain  a  horsepower 
on  the  evaporation  of  nine  pounds  of  water  per  hour.    Since  his  death 
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his  sons  have  gathered  together  his  papers  and  put  them  in  the  hands 
of  H.  F.  J.  Porter  who,  with  George  H.  Barrus,  was  associated  with 
Charles  T.  Porter  in  his  latest  work.  The  former  has  revived  the 
association  of  Mr.  Barrus  in  this  work,  and  has  also  enlisted  the 
cooperation  of  Admiral  Melville,  who  was  greatly  interested  while 
Chief  Engineer  of  the  Navy  in  what  Mr.  Porter  had  developed  for 
marine  service.  It  is  hoped  that  some  way  may  now  be  found  to 
make  available  the  work  of  Mr.  Porter  in  perfecting  the  high-speed 
engine,  to  which  he  gave  the  last  twenty-five  years  of  his  life. 

TRIBUTE   TO  DR.   RAYMOND 

A  committee  of  members  of  the  American  Institute  of  Mining 
Engineers  and  other  friends,  which  last  April  gave  a  dinner  to  Dr. 
Rossiter  Worthington  Raymond,  in  commemoration  of  his  seventieth 
birthday,  have  issued  an  elaborate  book,  bound  in  morocco  and  beau- 
tifully decorated,  containing  the  proceedings  of  that  occasion  in  full 
detail.  The  volume  opens  with  The  Grand  Canyon,  a  poem  by  Dr. 
Raymond,  followed  by  photographs  and  sketches  typifying  impor- 
tant activities  in  his  career,  and  copies  of  many  letters  of  congratula- 
tion and  engrossed  resolutions  from  other  societies.  Dr.  Raymond 
has  for  26  years  been  Secretary  of  the  Institute. 


STUDENT  BRANCHES 

Activities  for  the  season  of  1910-1911  have  recommenced  in  the 
Student  Branches  of  the  Society,  as  is  evidenced  by  the  following 
reports : 

The  University  of  Missouri  has  just  held  its  election  of  officers,  as 
a  result  of  which  H.  W.  Price  is  president,  E.  G.  Spargo,  secretary- 
treasurer,  and  Osmer  Edgar,  corresponding  secretary.  At  the  meet- 
ing on  October  8,  H.  W.  Price  read  a  paper  on  Testing  Gas  Engines, 
which  was  followed  by  a  general  discussion  relative  to  methods  of 
speed  adjustments,  percentage  of  speed  variations  allowed,  valve 
setting,  order  of  firing,  method  of  governing,  gas  consumption  allow- 
able, relative  economy  of  producer  and  natural  gas,  and  clearances 
allowed  for  producer  gas,  natural  gas  and  gasolene. 

At  Pennsylvania  State  College,  the  Student  Branch  elected  as 
officers:  W.  E.  Heibel,  president;  D.  C.  Minick,  vice-president, 
G.  M.  Forker,  secretary  and  J.  A.  Hasseler,  treasurer. 

The  prospects  for  the  year  at  Purdue  University  are  exceedingly 
bright,  72  new  members  having  been  enrolled  during  the  past  month. 

At  the  September  14  meeting  of  the  Stanford  University  Mechan- 
ical Engineering  Association,  Prof.  W.  F.  Durand,  Mem.Am.Soc.M.E., 
gave  a  talk  on  Hydraulic  Power  Developments  in  Switzerland.  On 
September  28,  the  following  officers  were  formally  installed:  honorary 
chairman,  Prof.  W.  R.  Eckart,  Jr.,  Mem.Am.Soc.M.E.;  chairman, 
J.  B.  Bubb;  vice-chairman,  E,  L.  Ford;  secretary-treasurer,  H.  H. 
Blee. 

The  Stevens  Engineering  Society  of  Stevens  Institute  has  an- 
nounced its  lecture  course  for  the  season,  providing  for  bi-monthly  lec- 
tures by  prominent  men.  Dr.  A.  C.  Humphreys,  Manager  Am.Soc. 
M.E.,  and  President  of  the  Institute,  opened  the  series  on  October  18 
with  an  address  on  Membership  in  Engineering  Societies.  Those 
who  will  speak  at  future  dates  are:  Irving  E.  Moultrop,  Manager 
Am.Soc.M.E.;  James  P.  Haney,  Director  of  Art  in  the  High  Schools 
of  New  York  City;  Donald  B.  MacMillan,  who  accompanied  Peary  to 
the  Arctic  Zone-  Harvey  W.  Wiley,  Chief  of  the  Bureau  of  Chemistry, 
U.  S.  Dept,  of  Agriculture;  Rossiter  W.  Raymond,  Past-President  and 
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Secretary,  A.I.M.E.;  David  T.  Day,  Chief  of  the  Bureau  of  Mines 
and  Mineral  Resources,  U.S.  Geological  Survey;  Gardner  F.  \Yilliams, 
Life  Member,  A.I.M.E.,  associated  for  18  years  with  Cecil  Rhodes  in 
South  Africa;  James  Douglass,  Past-President,  A.I.M.E.;  John  A. 
Bensel,  Commissioner,  New  York  Board  of  Water  Supply,  and  Presi- 
dent A.S.C.E.;  Carl  Hering,  Past-President  A.I.E.E.;  Frederick  H. 
Newell,  Director,  U.  S.  Reclamation  Service;  William  Campbell,  Asso- 
ciate Professor  of  Metallurgy,  Columbia  University ;  A.  Stanley  Mack- 
enzie, Professor  of  Ph3'sics,  Stevens  Institute;  and  George  E.  Hulse, 
Chief  Engineer,  Safety  Car  Heating  and  Lighting  Company. 

H.  B.  Dirks,  Mem. Am. Soc.M.E.,  spoke  to  the  University  of  Illinois 
Student  Branch  on  September  30,  on  the  Joint  Meeting  of  the  Societj- 
in  England,  at  which  he  was  present. 

The  University  of  Wisconsin,  Madison,  Wis.,  has  elected  the  follow- 
ing officers:  A.  MacArthur,  chairman;  K.  Kraatz,  vice-chairman;  A. 
Wegner,  corresponding  secretary,  F.  W.  Braasch,  assistant  secre- 
tary; R.  S.  Moore,  treasurer.  Professor  Thomas,  Mem. Am. Soc.M.E. 
and  Professor  Christie,  Assoc. Mem. Am. Soc.M.  E.,  gave  informal  talks 
at  the  meeting  of  October  5,  on  the  preparation  of  discussions  of 
papers  published  in  The  Journal,  and  on  the  Joint  Meeting,. 

At  a  dinner  of  the  Student  Branch  of  the  Massachusetts  Insti- 
tute of  Technology  on  October  13  plans  were  laid  for  a  trip  to 
Buffalo  and  Niagara  Falls.  Professors  Lanza,  Miller  and  Hayward  of 
the  department  of  Mechanical  Engineering  were  the  speakers  for 
the  evening. 

The  Council  has  authorized  the  establishment  of  a  student  branch 
at  the  Sheffield  Scientific  School,  Yale  University,  under  the  name 
of  The  Yale  Mechanical  Engineers'  Club,  Affiliated  with  The  Ameri- 
can Society  of  Mechanical  Engineers.  The  student  branch  now  has 
a  membership  of  29,  with  W.  Roy  Manny  as  secretary. 


MEETING  OF  THE  COUNCIL 

The  regular  Meeting  of  the  Council  was  held  on  the  afternoon  of 
Tuesday,  October  11,  1910,  in  the  Society  rooms,  with  Vice-President 
Baker  in  the  chair.  There  were  present  Chas.  Whiting  Baker,  George 
M.  Bond,  H.  L.  Gantt,  Alex.  C.  Humphreys,  James  Hartness,  I.  E. 
Moultrop,  H.  G.  Reist,  F.  M.  Whyte,  Wm.  H.  Wiley,  Treasurer, 
Arthur  M.  Waitt,  Chairman  of  the  Finance  Committee,  and  the 
Office  Manager  representing  the  Secretary.  Regrets  were  received 
from  W.  F.  M.  Goss,  E.  D.  Meier  and  R.  C.  Carpenter. 

The  minutes  of  the  meeting  of  May  31  were  read  and  approved. 
The  Secretary  reported  the  following  deaths:  Mark  Bary,  Chas. 
B.  Clark,  Barton  Cruikshank,  W.  P.  Bettendorf,  W.  E.  Crane,  J.  D.  E. 
Duncan,  James  B.  Faulks,  Chas.  H.  Ferry,  C.  E.  Foster,  Joseph 
Garbett,  Jno.  E.  McKay,  Albert  Spies,  Chas.  T.  Porter. 

The  following  resignations  were  accepted:  Thos.  C.  Perkins,  Chas. 
E.  Jones,  R.  B.  Hart,  Thos.  Appleton,  Frank  R.  Chambers,  Jr., 
Warren  S.  Locke. 

Notice  was  given  of  the  purpose  to  elect  to  life  membership  under 
the  provisions  of  C  23,  S.  B.  Whiting  of  Cambridge,  Mass.,  Charter 
Member  of  the  Society,  and  of  W.  F.  Mattes  of  Scranton,  Pa. 

Voted:  To  approve  the  appointment  of  Honorary  Vice-Presidents: 
National  Irrigation  Congress,  Pueblo,  Colo.,  Sept.  26-30,  C.  H.  Wil- 
liams of  Denver,  Colo.;  Second  National  Conservation  Congress, 
St.  Paul,  Sept.  5-9,  Paul  Doty,  J.  J.  Flather,  L.  H.  Gardner,  E.  E. 
Johnson  and  M.  E.  R.  Toltz;  Inauguration  of  President  McVey, 
University  of  North  Dakota,  Grand  Forks,  Prof.  Calvin  H.  Crouch; 
American  Mining  Congress,  Los  Angeles,  Cal.,  Sept.  26-Oct.,  1.  H.  H. 
Clark  and  Robert  Linton;  Funeral  of  Charles  T.  Porter,  Honorary 
Member,  Alex.  C,  Humphreys,  Hosea  Webster,  A.  E.  Forstall  and 
J.  E.  Mcintosh. 

Voted:  To  confirm  the  action  of  the  Executive  Committee  in  declin- 
ing under  the  provisions  of  C  56  the  request  of  the  Good  Roads  Associ- 
ation to  participate  with  them  in  the  securing  of  legislation  favorable 
to  promoting  the  improvement  of  public  highways  for  interstate 
travel,  military  uses,  etc.,  as  provided  in  H.  R.  Bill  25,333  introduced 
by  Representative  Cocks. 
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Voted:  To  confirm  the  action  of  the  Executive  and  Finance  commit- 
tees as  outlined  in  the  letter  of  the  Secretary,  July  5,  1910,  approving 
an  additional  appropriation  of  $3500  for  the  Publication  Committee, 
and  the  transfer  of  $300  from  the  Power  Tests  Committee  to  the  Meet- 
ings Committee. 

Voted:  To  approve  the  list  of  candidates  recommended  for  the 
several  grades  of  membership,  as  given  in  the  minutes  of  the  Member- 
ship Committee  Sept.  14,  1910,  and  to  confirm  the  action  of  the 
Executive  Committee  in  ordering  posted  the  names  of  all  approved 
candidates. 

Report  was  made  of  the  questions  which  had  arisen  with  the  Post 
Office  Department  in  the  matter  of  securing  second-class  entry  of 
The  Journal. 

Voted:  To  refer  the  matter  back  to  the  Publication  Committee 
for  further  report. 

Voted:  To  accept  with  thanks  of  the  Council  the  progress  report 
of  the  Research  Committee  and  suggest  that  the  matter  be  elabor- 
ated for  presentation  at  the  annual  meeting. 

Voted:  To  accept  the  report  of  the  House  Committee  as  presented 
by  Mr.  W.  C.  Dickerman,  Chairman,  and  to  express  the  thanks  of 
the  Council  for  their  work  during  the  past  year. 

The  following  vote  of  the  Meetings  Committee  was  read : 

That  the  Council  be  requested  to  approve  the  appointment  of  a  sub-com- 
mittee of  the  Meetings  Committee  to  consist  of  five  members  of  the  Society, 
to  be  known  as  the  Committee  on  Economic  Administration  of  Industrial 
Establishments,  and  to  consist  largely  if  not  entirely  of  members  holding 
administrative  positions  in  such  establishments.  The  duties  of  the  Committee 
are  to  consist  of  the  solicitation  of  papers  on  this  subject,  the  judging  of  papers 
received,  and  their  transmission,  with  their  opinion,  to  the  Meetings  Com- 
mittee; also  to  serve  as  a  board  of  supervisors  to  the  Meetings  Committee 
on  all  questions  relating  to  this  subject. 

Voted:  To  approve  the  appointment  of  a  sub-committee  of  the  Meet- 
ings Committee,  and  the  committee  be  directed  to  proceed  under  the 
provisions  of  By-Law  23. 

Voted:  That  the  date  set  for  the  next  monthly  meeting  of  the 
Society,  November  9,  be  also  the  date  for  a  meeting  of  the  Council. 

Voted:  To  accept  the  progress  report  of  the  Research  Committee 
and  especially  request  that  it  be  elaborated  and  with  the  valuable 
data  obtained  presented  at  the  Annual  Meeting  Membership  Commit- 
tee. 
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Voted:  On  recommendation  of  the  Membership  Committee  to 
approve  the  reinstatement  of  C.  H.  Hurd  of  Indianapolis,  Ind.,  who 
resigned  from  membership  in  1907. 

Voted:  To  decline  the  application  for  Student  Membership  of  the 
State  University  of  Kentucky,  Lexington,  Ky, 

Voted:  To  approve  the  application  of  Sheffield  Scientific  School, 
Yale,  to  form  a  student  branch,  to  be  known  as  Yale  Mechanical 
Engineers'  Club  affiliated  with  The  American  Society  of  Mechanical 
Engineers. 

Voted:  To  refer  jointly  to  the  Finance  and  Meetings  committees 
consideration,  with  the  Boston  members,  of  the  proposed  plans  for 
an  engineering  building  in  Boston  and  what  part  if  any  the  Society 
can  take. 

Dr.  Humphreys  reported  progress  in  the  matter  of  the  appoint- 
ment of  a  Pubfic  Relations  Committee. 

Mr.  Arthur  M.  Waitt,  Chairman  of  the  Finance  Committee  pre- 
sented the  following  resolutions  from  his  Committee  which  were 
approved : 

That  in  view  of  the  increase  in  the  amount  received  from  sales  of  publica- 
tions from  the  estimate  of  $5000  to  $9282,  entailing  an  expense  of  $1401.28  above 
the  appropriation,  this  amount  to  credited  to  the  sales  expenditure  account 
from  the  excess  of  income  for  the  year  1909-1910. 

To  cancel  the  balances  of  all  other  appropriations  for  1909-1910  after  reserv- 
ing $4200  for  the  completion  by  the  Publication  Committee  of  Vol.  31  Trans- 
actions, all  changes  in  appropriation  being  within  the  current  income  for  the 
year. 

To  appropriate  from  current  income  for  1909-1910,  $228.29  for  the  advances 
preliminary  to  the  advertising  of  The  Journal. 

To  transfer  from  current  income  to  the  Reserve  Fund,  $2400  to  reimburse 
the  Reserve  Fund  for  all  expenditures  from  that  fund  on  account  of  the  London 
Meeting  during  the  fiscal  year  1909-1910;  and  to  approve  the  expenditure  of 
$653.44  that  has  been  made  from  current  income  on  account  of  the  London 
Meeting,  thus  providing  the  payment  from  the  current  income  of  this  year  of 
all  expenses  for  the  London  Meeting  incurred  up  to  date. 

That  the  action  of  the  Council  of  October  24,  1906,  relative  to  the  disburse- 
ments from  Land  Fund,  be  rescinded  now,  so  far  as  interest  on  the  mortgage 
is  concerned,  and  that  in  the  future  the  interest  on  the  Carnegie  mortgage  be 
included  in  the  appropriations  to  be  paid  from  current  income. 

To  approve  the  budget  as  presented  and  to  express  the  apprecia- 
tion of  the  Council  to  the  Finance  Committee  for  the  splendid  finan- 
cial showing  for  the  year's  work. 

On  motion  meeting  adjourned. 


NECROLOGY 

FREDERICK  MERIAM  WHEELER 

Frederick  Meriam  Wheeler  of  Montclair,  N.  J.,  a  charter  member 
of  the  Society,  cHed  at  his  summer  home  in  Westhampton,  Long 
Island,  on  September  15,  1910. 

Mr.  Wheeler,  who  was  born  in  Brooklyn,  N.  Y.,  in  1848,  was  grad- 
uated from  Summit  Academy  in  New  Jersey,  and  subsequently 
attended  the  Polytechnic  Institute,  Brooklyn,  N.  Y.  His  early  appren- 
ticeship was  served  in  the  machine  shop  of  the  Lake  Mills,  Lake 
Village,  N.  Y.,  and  he  later  studied  mechanical  engineering  for  five 
years  under  Henry  J.  Davison  of  New  York  City.  He  made  hydraulic 
and  marine  engineering  his  specialty  and  for  over  thirty-four  years 
was  associated  with  the  George  F.  Blake  Manufacturing  Company, 
of  which  he  became  director  and  secretary.  When  the  company  was 
absorbed  by  the  International  Steam  Pump  Company,  together  with 
other  hydraulic  works,  Mr.  Wheeler  was  made  a  director  in  the  new- 
company. 

Mr.  Wheeler  was  the  inventor  of  the  Wheeler  surface  condenser 
which  is  extensively  used  in  this  country  and  Europe  and  has  been 
adopted  by  the  United  States  Navy.  He  organized  the  Wheeler 
Condenser  and  Engineering  Company,  with  works  at  Carteret,  N.  J., 
and  was  also  officially  connected  with  the  Ludlow  Valve  Manufac- 
turing Company. 

In  addition  to  his  membership  in  the  Society,  Mr.  Wheeler  was  a 
charter  member  of  the  Society  of  Naval  Architects  and  Marine 
Engineers,  and  was  also  a  member  of  the  American  Society  of  Naval 
Engineers  and  of  the  Engineers  Club  of  New  York.  He  served  as  a 
member  of  the  advisory  council  of  the  Engineering  Congress  at  the 
Columbian  Exposition  in  1892,  and  had  for  many  years  been  promi- 
nent in  public  and  social  circles  in  his  home  city. 

BARTON   CRUIKSHANK 

Dr.  Barton  Cruikshank,  a  member  of  the  Society,  was  drowned  in 
the  St.  Lawrence  River  on  June  27,  1910,  where  he  was  conducting 
a  boys'  summer  school  and  camp  at  Cedar  Cliff,  N.  Y. 
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Dr.  Cruikshank,  who  was  born  in  Albany,  N.  Y.,  February  5,  1866, 
was  educated  in  the  pubHc  schools  and  Adelphi  Academy  of  Brooklyn 
and  in  the  Brooklyn  Polytechnic  Institute,  where  he  received  the 
degree  of  B.  S. 

After  graduation  he  entered  the  shops  of  the  Brady  Manufacturing 
Company,  in  which  he  soon  rose  to  be  superintendent  and  assistant 
manager,  finally  becoming  president.  From  there  he  went  to  Boston 
in  the  employ  of  the  Boston  Heating  Company,  and  later  to  Princeton, 
N.  J.,  as  instructor  in  graphics  and  mathematics  in  the  university.  In 
1891-1892  he  acted  as  consulting  engineer  for  the  Indurated  Fibre 
Pipe  Company  in  New  York,  and  in  1893  became  superintendent  of 
the  Hammond  Typewriter  ComjDany,  Brooklyn.  During  his  residence 
there,  Dr.  Cruikshank  assisted  Dr.  Larkins  in  starting  and  organiz- 
ing the  first  manual  training  high  school  in  Brooklyn. 

In  1899  he  accepted  the  presidency  of  the  Clarkson  School  of  Tech- 
nology at  Potsdam,  N.  Y.,  from  which  he  resigned  in  1902  to  become 
president  of  the  Cogswell  Polytechnic  Cohege  in  San  Francisco. 
Two  years  later  he  returned  to  the  East,  entering  the  employ  of  the 
Solvay  Process  Company  in  Syracuse,  N.  Y.,  as  designing  engineer, 
where  he  remained  until  a  year  before  his  death  when  he  took  up  the 
organization  of  his  boys'  camp,  which  was  so  unfortunately  the  scene 
of  his  sudden  death. 

CLAY  BELSLEY 

Clay  Belsley,  a  member  of  the  Society,  died  at  his  home  in  Peoria, 
111.,  on  September  3,  1910.  Mr.  Belsley  was  born  at  Spring  Bay,  111., 
on  January  28,  1873,  and  was  graduated  from  Cornell  University  in 
1898  with  the  degree  of  M.E.  Soon  afterward  he  entered  the  employ 
of  the  Link-Belt  Company  of  Chicago,  where  he  had  charge  of  the 
mining  machine  plants.  He  later  entered  the  service  of  the  McEn- 
tee-Peterson  Engineering  Company  of  Peoria,  by  whom  he  was  placed 
in  sole  charge  of  their  work  in  the  South,  including  the  building  of  the 
electric  light  plant  at  Gastonia,  N.  C.  In  1901,  Mr.  Belsley  returned 
to  Peoria  and  opened  a  private  practice  as  consulting  engineer. 

Among  other  important  work  undertaken  at  this  time,  he  designed 
an  electric  light  and  power  plant  for  Tom  J.  Gardner  at  Las  Animas, 
Colo.,  installed  the  mechanical  and  electrical  plant  of  the  Corning 
distillery,  and  had  charge  of  the  design  and  construction  of  all  the 
work  of  the  Woodruff  Ice  Company  of  Peoria.  He  was  also  engaged 
during  this  period  in  expert  investigation  in  connection  with  legal 
work. 
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In  1908,  Mr.  Belsley  accepted  the  appointment  of  City  Engineer 
of  his  native  city,  resigning  his  lucrative  private  practice  to  perform 
this  public  service.  While  personally  superintending  the  construction 
of  a  masonry  culvert  for  the  city,  he  contracted  typhoid  fever  and 
from  the  resulting  weakened  condition  never  recovered. 

ALFREDjWILKINSON 

Alfred  Wilkinson,  who  died  at  his  home  in  Bridgeport,  Pa.,  on 
August  30,  1910,  was  born  at  Stockport,  in  Cheshire,  England,  May 
17,  1845.  Here  he  attended  the  common  schools  and  the  Mechanics 
Institute.  When  fourteen  years  of  age  he  came  to  the  United 
States,  entering  the  Richmond  shops  of  the  Philadelphia  and  Reading 
Railroad  Company  where  he  remained  till  1862.  When  the  Civil 
War  broke  out  he  enlisted  in  the  navy  and  served  under  Admiral 
Farragut,  being  promoted  for  meritorious  service  to  third  assistant 
engineer.  At  the  close  of  the  war  he  entered  the  employ  of  Carr, 
Crawley  and  Devlin,  Philadelphia.  In  1876  he  opened  an  office  of 
his  own  in  Philadelphia  as  expert  steam  engineer,  and  in  1891  invented 
the  automatic  mechanical  stoker  which  today  bears  his  name  and 
which  is  extensively  used  on  ocean  liners  and  in  large  manufacturing 
plants.  In  the  same  year  Mr.  Wilkinson  organized  the  Wilkinson 
Manufacturing  Company  at  Bridgeport,  Pa.,  and  began  the  manu- 
facture of  his  invention.  He  was  at  the  time  of  his  death  president 
of  the  company. 

Besides  being  a  member  of  this  Society,  Mr.  Wilkinson  was  a  mem- 
ber of  the  Franklin  Institute  and  the  Manufacturers'  Club  of  Phila- 
delphia. He  inherited  his  mechanical  genius  from  his  father,  Joseph 
Wilkinson,  who  invented  a  cook  stove  and  an  automatic  oil  cup  for 
steam  engines. 
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Marburg,  L.  C,  New  York 

Miller,  Spencer,  New  York 

Miller,  Spencer,  Jr.,  New  York 

Moore,  S.  L.,  Elizabeth,  N.  J. 

Moore,  Mrs.,  Elizabeth,  N.  J. 

Morrin,  Thos.,  San  Francisco,  Cal. 

Morrin,  Mrs.,  San  Francisco,  Cal. 

Nelson,  James  W.,  New  York 

O'Nell,  J.  G.,  Chicago,  111. 

O'Nell,  Mrs.,  Chicago,  111. 

Orrok,  Geo.  A.,  New  York 

Parson,  Charles  H.,  New  York 

Parson,  Mrs.,  New  York 

Piatt,  John,  New  York 

Plunkett,  Charles  T.,  Adams,  Mass. 

Plunkett,  Chas.  T.,  Jr.,  Adams,  Mass. 

Reed,  E.  Howard,  Worcester,  Mass. 

Reed,  Mrs.,  Worcester,  Mass. 

Reld,  Joseph,  OU  City,  Pa. 

Richmond,  Knight  C,  Providence,  R.  I. 

Roe,  J.  W.,  New  Haven,  Conn. 

Sague,  J.  E.,  Albany,  N.  Y. 

Sague,  Mrs.,  Albany,  N.  Y. 

Sague,  Miss,  Albany,  N.  Y. 

Sanford,  Geo.  R.,  Syracuse,  N.  Y. 

Scott,  Charles  F.,  Pittsburg,  Pa. 

Smith,  A.  Parker,  New  York 

Smith,  Mrs.,  New  York 

Smith,  Augustus,  New  York 

Smith,  Mrs.,  New  York 

Smith,  Mrs.  Jesse  M.,  New  York 

Smith,  Mrs.  Oberlin,  Bridgeton,  N.  J. 

Stillman,  F.  H.,  New  York 

Stillman,  Mrs.,  New  York 

Struckmann  H.,  St.  Louis,  Mo. 

Struckmann,  Mrs.,  St.  Louis,  Mo. 

Such,  Miss,  New  York,  with  Mr.  and  Mrs. 

Augustus  Smith 
Swasey,  Mrs.  Ambrose,  Cleveland,  Ohio 
Thompson,  B.  L.,  Syracuse,  N.  Y. 
Thurston,  Edw.  D.,  Jr.,  New  York 
Thurston,  Mrs.,  New  York 
Turner,  Charles  P.,  New  York 
Waldo,  Leonard,  New  York 
Warner,  Mrs.  Worcester  R.,  Cleveland,  Ohio 
Wells,  F.  O.,  Greenfield,  Mass. 
Wells,  Mrs.,  Greenfield,  Mass. 
Wells,  Miss,  Greenfield,  Mass. 
Wheeler,  Seth,  Albany,  N.  Y. 
Wheeler,  Mrs.,  Albany,  N.  Y. 
Wiley,  Mrs.  Wm.  H.,  New  York 
York,  L.  D.,  Portsmouth,  Ohio 
York,  Robert,  Memphis,  Tenn. 
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Members  and  Guests  of  The  American  Society  of  Mechanical 
Engineers  Going  by  Other  Routes  or. in  Europe 

PAST-PRESIDENT 

Taylor,  Frederick  W.,  Sc.D..  Philadelphia,  Pa. 

VICE-PRESIDENTS 

Baker,  Charles  Whiting,  New  York 
Meier,  E.  D.,  M.,A.I.M.E.,  New  York 

CHAIRMAN,  MEETINGS  COMMITTEE 

Hall,  Willis  E.,  New  York 

HONORARY  MEMBERS 

Unwln,  W.  Cawthorne,  Ll.D.,  F.R.S.,  London 
White,  Sir  WUllam  H.,  K.C.B.,  Ll.D.,  D.Sc,  F.R.S.,  London 


Adamson,  Daniel,  Hyde,  Cheshire,  Eng. 
Angstrom,  C.  J.,  Worcester,  Mass. 
Baker,  Mrs.  Charles  Whiting,  New  York 
Baker,  J.  Wheeler,  New  York 
Bates,  Edward  P.,  Syracuse,  NJy. 
Bell,  James  R.,  Kent,  England] 
Bourne,  G.  L.,  Chicago,  111. 
Brown,  J.  J.,  Elizabeth,  N.  J.] 
Christie,  A.  G.,  Madison,  Wis. 
Clark,  Frank  Henry,  Chicago.'^m. 
Clark,  Mrs.,  Chicago,  111. 
Clark,  Miss,  Chicago,  111. 
Clark,  Harold,  Chicago,  111. 
Cooke,  Thomas  F.,  Buffalo,  N.  Y. 
Cooke,  Mrs.,  Buffalo,  N.  Y. 
Crawford,  D.  F.,  Pittsburg,  Pa. 
Crawford,  Mrs.,  Pittsburg,  Pa. 
Cromwell,  J.  C,  Cleveland,  O. 
CuUingsworth,  George  R.,  New  York 
Dietz,  Carl  F.,  Boston,  Mass. 
Dirks,  Henry  B.,  Urbana,  111. 
Dtxon,  W.  F.,  Moscow,  Russia 
Eyermann,  Peter,  Austria 
Ferris,  Charles  E.,  Knoxville,  Tenn. 
Fry,  Lawford,  H.,  Paris,  France 
Garratt,  E.  A.,  London,  Eng. 
Garratt,  Mrs.,  London,  Eng. 
Hall,  Mrs.  Willis  E.,  New  York 
Hanson,  George,  Sterling,  111. 
Hanson,  Mrs.,  Sterling,  111. 
Heap,  Douglas  T.,  Kent,  England 
Hering,  Rudolph,  New  York 
Hess,  Henry,  Philadelphia,  Pa. 
Hess,  Mrs.,  Philadelphia,  Pa. 
Hess,  Miss,  Philadelphia,  Pa. 
Hess,  H.  Lawrence,  Philadelphia,  Pa. 
Katzenstein,  Martin  L.,  New  York 
King,  Frank  B.,  Washington,  D.  C. 
Kirchhoff,  Charles,  New  York 
Kothny,  G.  L.,  Manchester,  Eng. 
Kroto,  G.,  London,  Eng. 


Lange,  P.  A.,  Manchester,  Eng. 

Lee,  F.  V.  T.,  San  Francisco,  Cal. 

Longstreth,  Charles,  Philadelphia,  Pa. 

Marks,  L.  S.,  Cambridge,  Mass. 

Marks,  Mrs.,  Cambridge,  Mass. 

Marks,  Miss,  Cambridge,  Mass. 

Mathot,  R.  E.,  Brussels,  Belgium 

Mesta,  George,  Pittsburg,  Pa. 

Meier,  Miss  M.  Alice,  New  York 

Meier,  Miss  Clara  E.,  New  York 

Moreton,  Geo.  W.,  Wilmington,  Del. 

Morgan,  L.  H.,  Cheshire,  Eng. 

Morgan,  Mrs.,  Cheshire,  Eng. 

Orcutt,  Harry  F.  L.,  Birmingham,  Eng. 

Reid,  John  S.,  Chicago,  111. 

Richards,  Charles  R.,  New  York 

Righter,  A.  A.,  Chicago,  111. 

Ripsch,  C.  W.,  Dayton,  O. 

Scott,  Arthur  C,  London,  Eng. 

Scott,  Mrs.,  London,  Eng. 

Serle,  Mrs.  M.  E.,  with  Mr.  and  Mrs.  Henry 

Hess,  Philadelphia,  Pa. 
Simpson,  C.  C,  New  York 
Sinclair,  Angus,  New  York 
Sinclair,  Mrs.,  New  York 
Smith,  Alton  L.,  Worcester,  Mass. 
Sunstrom,  K.  J.,  Stockholm,  Sweden 
Taylor,  Frank  H.,  London,  Eng. 
Taylor,  Mrs.,  London,  Eng. 
Taylor,  Mrs.  Fred.  W.,  Phdadelphia,  Pa. 
Taylor,  Miss,  Philadelphia,  Pa. 
Trube,  G.  A.,  Manchester,  Eng. 
Tyler,  Willard  C,  London,  Eng. 
Van  Der  Wllligen,  T.  A.,  Brussels,  Belgium 
Vernon,  P.  V.,  Coventry,  Eng. 
Voorhees,  G.  T.,  New  York 
Ward,  Charles,  Charleston,  W.  Va. 
Watson,  William,  Boston,  Mass. 
Willhofft,  F.  O.,  Kingston,  Can. 
Willhofft,  Mrs.,  Kingston,  Can. 


OFFICERS  AMD  COUNCIL  OF  THE  INSTITUTION  OF 
MECHANICAL  ENGINEERS 

Presideiit 

AsPiNALL,  John  A.  F.,  Manchester 

Past-Presidents 


Johnson,  Samuel  Waite,  Notting- 
ham 

Kennedy,  Sir  Alexander  B.W., 
Ll.D.,  F.R.S., London 

Martin,  Edward  P.,  Abergavenny 

Maw,  William   H.,  Ll.D.,    London 


Richards,  E.  Windsor,  Caerleon 
Riches,  T.  Hurry,  Cardiff 
Westmacott,  Percy  G.  B.,  Ascot 
White,  Sir  William  H.,  K.C.B., 

Ll.D.,  D.Sc,  F.R.S.,  London 
Wicksteed,  J.  Hartley,  Leeds 


Vice-Presidents 

Davey,  Henry,  Ewell  Lewis,  Sir  William  T.,  Bart., 

Ellington,  Edward  B.,  London  K.C.V.O.,  Aberdare 

Harris,  H.  Graham,  London  Tannett-Walker,  A.  T.,  Leeds 

Keen,  Arthur,  Birmingham 

Members  of  Council 


Allen,  William  H.,  Bedford 
Barr,  Archibald,'  D.Sc,  Glasgow 
Barry,  Sir  J.  Wolfe,  K.C.B.,  Ll.D., 

F.R.S.,  London 
Churchward,  George  J.,  Swindon 
Donaldson,  H.  F.,  C.B.,  Woolwich 
Hadfield,  Sir  Robert  A.,   F.R.S., 

Sheffield 
Hele-Shaw,  H.  S.,  Ll.D.,  F.R.S., 

London 
HoPKiNSON,  Edward,  D.Sc,  Man- 
chester 
HoYLE,  J.  Rossiter,  Sheffield 
Ivatt,  Henry  A.,  Doncaster 
Lea,  Henry,  Birmingham 


Longridge,  Michael,  Manchester 
Matthews,  Robert,  Manchester 
PiRRiE,  The  Right  Hon.  Lord  K.P., 

P.C,  Ll.D.,  Belfast 
Pitt,  Walter,  Bath 
Re  AY,  Thomas  P.,  Leeds 
Robinson,  Mark  H.,  London 
Sankey,  Captain  H.  Riall,  R.E.  ret., 

London 
Thornycroft,  Sir  John  L,  Ll.D., 

F.R.S.,  London 
Unwin,    Professor   W.   Cawthorne, 

Ll.D.,  F.R.S.,  London 
Worsdell,  Wilson,  Gateshead 


Hon.  Treasurer 
Huson,  Arthur 


Auditor 
McLean,  Robert  A.,  F.C.A. 


Secretary 
Worthington,  Edgar 
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Chairman 

The  Right  Hon.  The  Lord  Mayor,  Alderman  W.  H.  Bowater 

Vice-Chairman 
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Alderman  Sir  George  H.  Kenrick 
Henby  Lea,  Esq. 


Sir  Oliver  J.  Lodge,  D.Sc.  Ll.D..  F.R.S. 
George  Tangye,  Eqs. 


Honoranj  Treasurer 


Alexander  Fyshe,  Esq. 


Honorary  Secretaries 

Howard  Heaton,  Esq.  Fred.  M.  Lea,  Esq. 


MEMBERS 

Adamson,  Daniel,  Hyde 

Adamson,  Joseph,  Hyde 

Addy,  George,  Sheffield 

Ahmed  Pasha,  Vice-Admiral,  Constantinople 

AUcard,  Harry,  London 

Allen,  Harold  Gwynne,  Bedford 

Ames,  Richard,  London 

Ashbury,  Thomas,  Manchester 

Astbury,  A.  J.,  Birmingham 

Aston,  John  W.,  Birmingham 

Atherton,  William  Henry,  Derby 

Attwood,  Jabez,  Stourbridge 

Awdry,  W.  L.,  Birmingham 

Baldwin,  Arthur  Hugh,  Manchester 

Bale,  Manfred  Powis,  London 

Balkwill,  Alfred  John,  Selby 

Barker,  Thomas  Perronet,  Birmingham 

Barker,  T.  Birkett,  Warwickshire 

Barrow,  Louis,  Birmingham 

Bayliss,  T.  R.,  Birmingham 

Bell,  Major  Charles  Thornhlll,  R.  A.,  Cossipore, 

India 
Belliss,  John,  Birmingham 
Beswick,  F.  A.,  Manchester 
Bettany,  John  Thomas,  Birmingham 
Bilbie,  John,  London 

BUletop,  Torben  Christian,  Newcastle-on-Tyne 
Bird,  William  Hobart,  Coventry 
Brackenbury,  H.  I.,  Newcastle-on-Tyne 
Braithwaite,  Charles  C,  Elstree,  Herts. 
Bromiley,  William  J.,  Bolton 
Brown,  Andrew,  London 
Brown,  William,  London 
Brunton,  J.  F.,  Karachi,  India 
Bryce,  William  Edward,  Wolverhampton 
Budenberg,  Cliristian  Frederick,  Manchester 
Butterworth,  Joseph,  Manchester 


Cantrill,  W.  L.,  London 

Causer,  William  George,  Birmingham 

Challen,  S.  W.,  Birmingham 

Chalmers,  John  Reid,  London 

Chamberlain,  John,  London 

Chatterton,  Alfred,  Madras,  India 

Child,  George  Thomas,  Stoke-on-Trent 

Clark,  William  Frederick,  Birmingham 

Clarkson,  Charles,  Edinburgh 

Clarkson,  Thomas,  Chelmsford 

Cla>-ton,  J.  A.,  Bombay,  India 

Cleland,  William,  Sheffield 

Cochrane,  John,  Glasgow 

Conaty,  George,  Birmingham 

Cook,  William  Hall,  Manchester 

Cormack,  Prof.  J.  D.,  London 

Cosser,  Thomas,  Karachi,  India 

Cottrell,  Stephen  Butler,  Birkenhead 

Cowan,  P.  J.,  London 

Co.x,  Job,  Birmingham 

Crompton,  Col.  R.  E.  B.,  London 

Crosta,  Lorenzo  William,  Nottingham 

Darling,  John  William,  Keighley 

Darlington,  Seymour  Nance,  London 

Davidson,  Albert,  Sheffield 

Davidson,  John  McKenzie,  Karachi,  India 

Davles,  Edmund  Joseph,  Ipswich 

DavLson,  John  Willliam,  Pontyprydd 

Deakin,  Walter,  Birmingham 

Dean,  Frederic  William  Charles,  Woolwich 

Dickinson,  James  Clark,  Sunderland 

Dickinson,  R.  H.,  Birmingham 

DLxon,  Walter,  Glasgow 

Dixon,  W.  F.,  Podolsk,  Moscow  Govt.,  Russia 

Douglas,  George  Cameron,  Dundee 

Dronsfield,  James,  Oldham 

Dugard,  William  Henry,  Birmingham 

Dumas,  Robert,  Rugby 
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Duncan,  John,  London 

Dunn,  Hugh  Shaw,  Kilmarnock 

Echevarrl,  Juan  Thomas  Wood,  London 

Edmonds,  Major  Richard  James,  A. CD- 
London 

Edwards,  Albert  Edward  Alexander,  Birming- 
ham 

Etherlngton,  John,  London 

Everett,  Professor  Wilfrid  Hermann,  Howrah, 
Bengal 

Fielding,  John,  Gloucester 

Fish,  Sylvester  Robert,  Lisbon,  Portugal 

Fowler,  Henry,  Derby 

Eraser,  Patrick,  Arbroath 

Fry,  L.  H.,  Paris 

Gadd,  Wm.,  Limerick 

Gardner,  J.  C.,  London 

Garratt,  E.  A.,  London 

Garratt,  H.  W.,  Manchester 

Gerebiateff,  Col   John  Theodore,  I.R.A., 
St.  Petersburg,  Russia 

Glnsom,  Arthur  James,  Leicester 

Goodchild,  Walter  Cullingford,  Derby 

Griggs,  W.  J.,  Elstree,  Herts. 

Grlmshaw,  James  Walter,  London 

Haden,  W.  N.,  Trovv  bridge 

Hadley,  Walter,  Oldbury,  Birmingham 

Haines,  Charles  James,  London 

Hall,  Thomas  Bernard,  Birmingham 

Hall,  J.  W.,  Birmingham 

Harrison,  George,  London 

Hartness,  James,  Springfield,  Vt.,  U.  S.  A. 

Hawksley,  Charles,  London 

Hawksley,  Kenneth  Phlpson,  London 

Heap,  Ray  Douglas  Theodore,  Woolwich 

Heath,  Ashton  Marler,  London 

Heaton,  William  Henry,  London 

Hlgglnbottom,  Lloyd,  Manchester 

Hobbs,  Charles  James,  Chester 

Honiball,  Charles  Roland,  Liverpool 

Hookham,  John  Albert,  Stoke-on-Trent 

Howie,  J.  M.,  London 

Howl,  Edmund,  Tipton 

Howlett,  Francis,  Iiondon 

Hughes,  George,  Horwich,  Lanes. 

Humpage,  Thomas,  Bristol 

Humphrey,  Herbert  Alfred,  London 

Humphryes,  James  Hulse,  London 

Ingram,  Alfred,  London 

Innlss,  J.  J.,  Birmingham 

Instone,  Thomas,  London 

Ireland,  W.  C,  London 

James,  Thomas,  Derby 

Jefferlss,  Thomas,  Birmingham 

Jolly,  C.  E.,  Blrmlnoham 

Jones,  Arthur  Dansey,  Horwich,  Lansc. 

Jones,  Edward,  Birmingham 

Jones,  Frederick  Robert,  Tunbrldge  Wells 

Kenrlck,  John  Archibald,  West  Bromwich 

Kldd,  John  William,  Stoke-on-Trent 

Kirkaldy,  William  George,  London 


Kroto,  George,  London 

Lacy-Hulbert,  Charles  Edward,  London 

Lange,  P.  A.,  Manchester 

Lea,  Frederick  Mackenzie,  Birmingham 

Lee,  S.  E.,  Limerick 

Legros,  Lucien  Alphonse,  Watford 

Low,  Professor  David  Allan,  London 

Lucy,  Arthur  John,  Stourport 

MacCarthy,  Samuel,  London 

Mackenzie,  Thomas  Brown,  Motherwell 

Mano,  Professor  Bunji,  Tokyo,  Japan 

Mapplebeck,  Edward,  Birmingham 

Marks,  Edward  Charles  Robert,  Birmingham 

Marshall,  William  Bayley,  Malvern 

Massey,  Harold  Fletcher,  Manchester 

Massey,  Leonard  Fletcher,  ^Manchester 

Mathot,  R.  E.  Brussels,  Belgium 

McFarlane,  John  Alexander,  London 

McFarlane,  Lauchlan  Grant,  Barrow-in-Furness 

Mellanby,  Prof.  A.  L.,  Glasgow 

Metcalfe,  James,  Manchester 

Miller,  John  Smith,  Nottingham 

Mills,  Wm.,  Sunderland 

Mitchell,  Geo.,  London 

Mltton,  Edward  Moss,  Birmingham 

Morcom,  R.  H.,  London 

Morton,  A.  H.,  London 

Mower,  George  A.,  London 

Mueller,  Otto  Hildebert,  London 

Munro,  Hugh,  Kilmarnock 

Muntz,  Sir  Gerald  Albert,  Bart.,  Birmingham 

Niblock,  F.,  Singapore 

Nicholson,  Hy.,  Manchester 

O'Brien,  John  Owden,  Manchester 

Oglethorpe,  William  Allan,  Liverpool 

Okolskl,  Stanislaw  Jan,  Warsaw,  Russian 

Poland 
Orcutt,  Harry  Fred  Lee,  Sutton-on-Sea,  Lines. 
Oxlade,  Henry  John  Wilson,  London 
Pain,  A.  C,  London 
Parrott,  T.  H.,  Birmingham 
Pedley,  Heber  Isaac,  Birmingham 
Pendred,  Loughnan  St.  Lawrence,  London 
Penn,  William  Cooper,  London 
Piatt,  F.  J.,  Stroud,  Glos. 
Pooley,  Henry,  Disley,  Stockport 
Reavell,  WUllam,  Ipswich 
Rendell,  Alan  Wood,  London 
Renold,  Hans,  Manchester 
Ridley,  C.  O.,  London 

Rlngqulst,  Justus  Magnus,  Thornaby-on-Tees 
Rlseley,  H.  L.  Newcastle-on-Tyne 
Roberts,  Charles  Thomas,  Mysore  Province, 

India 
Roberts,  David  Evan,  Cardiff 
Roberts,  Hugh  Jorwerth,  Liverpool 
Robertson,  Leslie  Stephen,  London 
Robson,  William  Henry,  Birmingham 
Ronald,  Henry,  London 
Rudder,  Frank  Percy,  Derby 
Ryder,  George  Albert,  Bolton 
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Sanders,  Henry  Conrad,  Southall 
Saxon,  Alfred,  Manchester 
Saxon,  James,  Manchester 

Schontheil,  Theodore,  Cardiff 

Scott,  Charles  Herbert,  Goucester 

Seaman,  Charles  Joseph,  Worcester 

Sharp,  Robert  Gordon,  Leeds 

Sheldon,  Joseph,  Sheffield 

Shin,  Tsuneta,  Tokyo,  Japan 

Shortt,  William  Llewellyn  Everett,  Colchester 

Simpkin,  Frank  Henry,  Sheffield 

Sirri,  Major  M.,  Constantinople 

Slsson,  Arthur  White,  Gloucester 

Smallman,  Herbert  Spencer,  Wednesbury 

Smart,  Lewis  Anderson,  London 

Smith,  R.  T.,  London 

Smith,  John,  Burton-on-Trent 

Somers,  Walter,  Birmingham 

Spencer,  John,  Wednesbury 

Spencer,  Thomas  Harris,  Wednesbury 

Spooner,  Prof.  Henry  John,  London 

Stlrk,  Greenwood,  Halifax 

Stone,  Sidney,  London 

Strong,  E.  S.,  London 

Swasey,  Ambrose,  Cleveland,  Ohio,  U.  S.  A. 

Sugden,  Thomas,  London 

Tartt,  William,  South  Godstone,  Surrey 

Taylor,  Joseph  Samuel,  Birmingham 

Tearoe,  James,  London 

Thornbery,  William  Henry,  Birmingham 

Tltley,  Arthur,  Birmingham 

Tomkins,  John  Alfred,  R.N.R.,  Johannes- 
burg, Transvaal 

Turner,  Alfred,  Birmingham 

Urle,  William  Montgomerle,  Glasgow 

Vaux,  Walter,  Liverpool 

Vernon,  Percy  Venables,  Coventry 

Waddlngton,  Richard,  London 

Walles,  Reginald  Percy,  London 

Wainwright,  John  William,  London 

Walster,  William  Henry,  Swindon 

Walker,  Joseph  Griffin,  Walsall 

Wall,  Charles  Henry,  Birmingham 

Warden,  Walter  Evers,  Birmingham 

Warden-Stevens,  Frederic  J.,  London 

Watson,  Frank  Leslie,  Pershore 

Watson,  Henry  Burnett,  Newcastle-on-Tyne 

Wearing,  John  Evenden,  Birmingham 

Wlcksteed,  Charles,  Kettering 

Widdowson,  John  Henry,  Manchester 

Williams,  Charles  Edward,  London 

Williams,  W.  H.,  Swindon 

Winder,  Oliver,  Wednesbury 

Wood,  Edward  Malcolm,  London 

Woof,  Thomas,  London 

Worsley,  Philip  John,  Jun.,  Birmingham 

Wright,  Thomas,  Manchester 

Yates,  Harry  James,  Birmingham 

Young,  Smelter  Joseph,  Sheffield 


ASSOCIATE  MEMBERS 

Allen,  T.  F.,  Wednesbury 

Arnold,  Arnold  Attwood,  Glasgow 

Aston,  Edward  Backland  Stuckey,  London 

Atkins,  Evan  Arthur,  Liverpool 

Atkins,  Harry  Frederick,  Shipley,  Yorks. 

Aughtie,  Herbert,  London 

Bailey,  Duncan,  Wakefield 

Berry,  Frederick,  Bolton 

Blissett,  Perclval  Thomas,  Dublin 

Bolton,  Henry,  London 

Boot,  Horace  Louis  Petit,  Tunbrldge  Wells 

Boultbee,  Henry  Arthur,  Birmingham 

Boulton,  Perclval  Raymond,  Birmingham 

Bourne,  Ernest  Spencer,  Runcorn 

Boys,  Sidney  James,  Walsall 

Bretell,  J.  O.,  Worcester 

Bridge,  Arthur  George,  Rochdale 

Brown,  Edward  George,  Birmingham 

Bruce,  Archibald  Kay,  Hatch  End,  S.O. 

Mldds. 
Burn,  Chas.  Wm.,  West  Bromwlch 
Burgess,  Gerard  Herbert,  Birmingham 
Carrington,  George,  Birmingham 
Carter,  Walter,  Sheffield 
Castle,  Frank,  Birmingham 
Christmas,  E.  B.,  London 
Clarkson,  Sydney  Samuel,  Manchester 
Cleaver,  William,  Port  Talbot 
Coliyer,  Percy  Nicholson,  Birmingham 
Conradi,  Charles  Guthrie,  Derby 
Crawford,  J.  F.,  Liverpool 
Crosier,  Edward  James,  Newcastle-on-Tyne 
Crossley,  John,  Birmingham 
Cuthbert,  Harold  Parker,  Birmingham 
Dale,  Robert  Davidson,  Birmingham 
Davis,  Thomas  Jessop,  Enniscorthy 
Douglass,  Alfred  Edwards,  Birmingham 
Drury,  Harry  James  Hutchison,  Swansea 
Ellington,  Noel  Bayzand,  Chester 
Engholm,  Alexander  Goldle,  Birmingham 
Etchells,  E.  F.,  London 
Forward,  Ernest  Alfred,  London 
Gamble,  George  Martin,  Birmingham 
Gledhlll,  Arthur  Henry,  Halifax 
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THE  JOINT  MEETING,  1910 

By  Calvin  W.  Rice,  Secretaky 
The  American  Society  of  Mechanical  Engineers 

In  the  Spring  of  the  year  1909,  Sir  Robert  Hadfield,  a  member  of 
the  Council  of  the  Institution  of  Mechanical  Engineers,  brought  to 
The  American  Society  of  Mechanical  Engineers,  on  one  of  his  fre- 
quent trips  to  America,  the  first  intimation  of  a  Joint  Meeting  to  be 
held  in  England  the  summer  of  the  following  year.  This  was  con- 
firmed in  September  by  the  following  formal  invitation  from  our 
sister  organization: 

The  Institution  of  Mechanical  Engineers 
Storey's  Gate,  St.  James  Park,  Westminster,  S.  W. 

17th  Se-ptember,  1909. 
Dear  Mr.  President: 

At  a  Meeting  of  the  Council  of  this  Institution  held  today,  the  following  Reso- 
lution was  unanimously  passed : 

"That  a  very  hearty  invitation  be  sent  to  The  American  Society  of  Mech- 
anical Engineers  to  participate  in  a  Joint  Meeting  in  England  with  the  Insti- 
tution of  Mechanical  Engineers,  and  that  the  Meeting  be  held  in  the  Summer  of 
1910,  if  possible  during  the  last  week  in  July." 

I  need  scarcely  say  how  warmly  the  subject  was  supported  by  those  present, 
especially  as  the  Council  had  learnt  from  the  Committee  appointed  to  confer 
with  Mr.  H.  deB.  Parsons,  the  special  representative  of  your  Society,  the  cor- 
diality with  which  the  idea  had  been  taken  up  by  your  Members. 

We  hope  that  we  may  be  favored  with  the  presence  of  yourself,  your  Council, 
and  many  of  your  Members  at  the  proposed  Meeting. 
With  all  good  wishes,  we  are. 

Yours  very  truly, 

John  A.  F.  Aspinall 

President 
Edgar  Worthington 

Secretary 
The  President 

The  American  Society  of  Mechanical  Engineers 
29  West  39th  Street,  New  York,  U.  S.  A. 
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Former  gatherings  of  a  like  nature  had  taught  not  only  the  value, 
but  also  the  great  pleasure  to  be  derived  from  such  a  meeting  of  the 
two  national  mechanical  engineering  organizations,  and  by  the  unani- 
mous vote  of  the  Council  of  the  So'ciety  the  following  replj^  was 
despatched: 

The  American  Society  of  Mechanical  Engineers 
29  West  39th  Street,  New  York,  U.  S.  A. 

Dear  Mr.  President: 

The  Council  of  The  American  Society  of  Mechanical  Engineers  has  con- 
sidered the  very  cordial  invitation  of  The  Institution  of  Mechanical  Engineers, 
to  hold  a  joint  meeting  in  England  in  the  Summer  of  1910,  conveyed  by  your  let- 
ter of  September  17. 

The  Council  was  unanimous  in  the  acceptance  of  the  invitation  and  bids  me 
convey  to  you  its  action  as  follows: 

"Resolved, — That  The  American  Society  of  Mechanical  Engineers  accept 
the  very  cordial  invitation  of  The  Institution  of  Mechanical  Engineers,  to  hold 
a  joint  meeting  in  England  in  the  Summer  of  1910.  The  Council  feels  that  the 
interests  of  Engineering  throughout  the  World  will  assuredly  be  advanced  by 
the  giving  and  the  acceptance  of  this  invitation; — an  evidence  of  an  increasing 
cooperation  among  the  various  societies  representing  the  Profession  of  Engi- 
neering." 

In  conveying  this  resolution  of  the  Council  permit  us  to  inform  you  of  the 
universal  cordiality  with  which  the  invitation  has  been  received  both  by  the 
Council  and  by  the  Members  of  the  Society.  It  is  the  expectation  that  a  repre- 
sentative delegation  of  the  Society  will  be  present  at  the  meeting. 

Please  accept  our  expressions  of  sincere  good  will. 

Jesse  M.  Smith 

President 
Calvin  W.  Rice 

Secretary 
To  The  President 

The  Institution  of  Mechanical  Engineers 
London,  England 

The  preliminary  work  of  announcing  this  action  to  the  membership 
was  assigned  to  the  Executive  Committee  of  the  Council  as  well  as 
the  tentative  arrangements  for  transportation,  whereby  an  option, 
expiring  March  1,  was  secured  upon  the  entire  first  cabin  of  the  White 
Star  Steamship  Celtic,  sailing  July  16  for  Liverpool. 

The  Committee  of  Arrangements  immediately  upon  its  appoint- 
ment by  .the  Council  in  the  Spring  of  1910  took  up  the  task  of  per- 
fecting these  and  other  details,  producing,  under  the  able  Chairman- 
ship of  Ambrose  Swasey,  Past-President  Am.Soc.M.E.,  a  result  which 
made  this  meeting  an  event  in  the  history  of  the  Society. 
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NEW  YORK  TO  BIRMINGHAM 

The  Celtic  with  the  official  party  of  144  members  and  guests  steamed 
from  the  White  Star  dock  in  the  North  River  at  two  o'clock  in  the 
afternoon  of  July  16,  under  a  cloudless  sky,  good  augury  of  the  voy- 
age ahead.  The  Committee  on  Acquaintanceship  which,  with  the 
characteristically  energetic  generalship  of  Dr.  W.  F.  M.  Goss,  met 
immediately  after  dinner  the  same  evening  and  remained  continu- 
ously on  duty  until  the  end  of  the  voyage,  soon  made  the  individual 
members  of  the  party  known  to  one  another.  Invitations,  on  which 
was  embossed  and  colored  the  emblem  of  the  Society,  were  also 
issued  to  the  other  members  of  the  first  cabin,  cordially  urging 
their  participation  in  the  events  arranged  for  the  week  on  shipboard, 
a  thoughtful  act  suggested  by  Professor  Hutton  and  Mr.  Brill 
which  was  greatly  appreciated.  The  entire  group  was  thus  at 
once  brought  into  a  friendly  relationship  not  usually  secured  until 
the  end  of  the  journey. 

The  first  day  out,  which  was  Sunday,  was  spent  quietly  in  resting 
and  visiting,  religious  services  being  conducted  by  the  Right  Reverend 
William  D.  Walker,  Bishop  of  Western  New  York.  On  Monday,  pre- 
liminary games  were  begun  on  deck.  In  the  evening  the  officers 
and  past-presidents  of  the  Society,  together  with  the  officers  of  the 
Celtic,  received  the  first  cabin  passengers  on  the  upper  promenade 
deck,  thus  bringing  the  party  and  the  other  voyagers  into  closer 
acquaintance.  This  is  believed  to  be  the  first  occasion  in  the  history 
of  the  Celtic,  if  not  of  the  steamship  line,  in  which  the  officers  of  the 
ship  participated  in  receiving  the  passengers.  A  dance  followed  the 
reception. 

The  lecture  given  on  Tuesday  evening  by  Worcester  R.  Warner, 
Past-President,  on  What  are  the  Astronomers  Doing,  was  not  only 
entertaining  but  instructive,  and  was  finely  illustrated  by  lantern 
views,  many  of  which  were  new  and  shown  for  the  first  time  to  any 
audience. 

The  musicale  arranged  for  Wednesday  evening  proved  one  of  the 
most  enjoyable  features  of  the  trip,  displaying  to  advantage  the  ver- 
satility of  the  Society's  membership.  The  success  of  those  in  charge 
in  enlisting  the  participation  of  the  other  passengers  was  exemplified 
in  the  acceptance  of  the  chairmanship  of  the  evening  by  Mr.  Everett 
P.  Wheeler,  well-known  in  legal  and  political  circles  in  New  York 
City.    The  program  follows: 
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Selection       Guglielmo  Tell  Rossini 

Orchestra 
Vocal  Solos  a  The  Flower  Song  from  Faust.  . .  .Gounod 

h  Ask  Me  no  More Tosti 

Miss  Grace  Burlingame 

Cello  Solos  a  Romance Davidoff 

h  Largo Handel 

Dr.  Leonard  Waldo 

Monologue    The   Village    Dressmaker Wiggin 

Mrs.  Jesse  M.  Smith 

Vocal  Solos  a  The  Skipper  of  St.  Ives Roeckel 

h  Three  for  Jack    Squire 

D.  J.  Edmonds 

Piano  Solo    Song  Without  Words Mendelsohn 

Miss  Alice  M.  Main 

Reading         The  Limerick  Tigers Edwards 

Prof.  F.  R.  Hutton 

Selection       Three  Dances  Henry  VIII German 

Orchestra 

The  appreciation  [felt  by  the  first  cabin  passengers  of  the  enter- 
tainments arranged  by  the  Society  was  expressed  by  Mr.  Wheeler  at 
the  conclusion  of  the  musicale. 

On  Thursday  evening,  John  R.  Freeman,  Past-President,  gave  an 
interesting  illustrated  address  on  the  Construction  of  the  Panama 
Canal,  of  which  it  is  well  known  Mr.  Freeman  speaks  with  authority 
through  his  official  connection  with  the  Board  of  Engineers  appointed 
by  President  Taft  to  visit  the  canal  in  1909.  Slides  of  a  different 
character  were  afterward  thrown  on  the  screen,  showing  among  other 
views  a  portrait  of  Captain  Hambelton,  and  a  reproduction  of  the 
menu  card  of  the  dinner  given  by  Ambrose  Swasey,  then  President 
of  the  Society,  at  the  time  of  the  last  visit  of  the  Institution  to 
America  in  the  year  1904,  As  the  words  of  God  Save  the  King  were 
shown,  the  audience  joined  in  singing  the  British  national  song. 
Friday  evening  was  devoted  to  dancing. 

A  bridge-whist  contest  was  held  Thursday  afternoon,  and  on  Fri- 
day the  sports  took  place,  miscellaneous  games  being  also  in  progress, 
during  the  entire  week.  Saturday  evening  had  been  set  apart  for 
the  awarding  of  prizes  to  the  winners  of  these  various  tests  of  skill 
and  for  a  gathering  of  a  more  informal  nature  than  those  of  pre- 
ceding evenings.  Prof.  F.  R.  Hutton  presided  over  the  occasion, 
and  after  an  orchestra  had  rendered  a  selection,  Geo.  M.  Brill,  Chair- 
man of  the    Entertainment  Committee,  announced  the    following 
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awards:  1st  prize  in  bridge-whist,  to  J.  D.  C.  Darrell,  a  pair  of  flat 
brushes  in  a  leather  case;  2nd  prize,  to  John  Calder,  a  pigskin  travel- 
ing case  for  collar  buttons,  etc. ;  3rd  prize,  to  Mrs.  W.  K.  Carr,  a  hat 
pin;  4th  prize,  to  Mrs.  M.  B.  Orde,  a  bridge  set;  1st  prize  in  shuffle- 
board  contest,  to  Karl  Dodge,  "Satchel  Guide  to  Europe";  2nd  prize, 
to  Theodore  Main,  ''My  Trip  Abroad";  to  the  winner  of  the  pillow 
fight,  H.  M.  Klingenfeld,  a  knife  on  a  small  pillow;  to  the  winner  of 
the  men's  potato  race,  A.  Wise,  a  coin  purse ;  of  the  ladies'  potato 
race,  Miss  H.  E.  Armstrong,  a  silver  coin  holder,  and  Miss  Gertrude 
Baker,  a  silver  pencil;  and  to  the  winner  of  the  obstacle  race,  Karl 
Dodge,  a  coin  purse.  A  so-called  endurance  prize,  a  fan,  was  also 
given  to  Mrs.  Jesse  M.  Smith,  the  last  lady  to  stay  in  the  game  of 
shuffleboard.  A  consolation  prize,  consisting  of  a  doll,  was  contributed 
by  friends  to  Frank  B.  Gilbreth,  who  lost  in  the  final  round  of  shuffle- 
board,  and  also  as  a  mark  of  appreciation  of  his  efficient  service  as 
Chief  of  Police  in  maintaining  order  during  the  games.  Prof.  F.  R. 
Hutton  received  a  loving  cup,  of  the  telescopic  variety.  As  each 
winner  came  forward  to  receive  his  or  her  prize,  a  speech  was  de- 
manded, thus  eliciting  a  number  of  impromptu  remarks  which  greatly 
added  to  the  merriment  of  the  evening.  Most  of  these  prizes,  chosen 
with  characteristic  good  taste,  had  been  appropriately  engraved  or 
stamped  with  the  name  of  the  Society  and  the  occasion,  through  the 
thoughtfulness  of  Mr.  and  Mrs.  Brill. 

James  M.  Dodge,  Past-President,  foUowed  with  a  humorous 
lecture,  entitled  An  Exhaustive  Review  of  the  Formation  of  the  Earth 
and  its  Oceans,  with  Some  Conclusive  Educational  Remarks  on  the 
Solar  System  and  Prognostications  on  the  Ultimate  End  of  the  Uni- 
verse, in  which  he  assumed  to  controvert  the  theories  of  all  other 
scientists.  A  jury  consisting  of  Ambrose  Swasey,  John  R.  Freeman, 
WiUiam  H.  Wiley,  Oberlin  Smith,  Jesse  M.  Smith,  George  M.  Brill, 
Calvin  W.  Rice,  H.  L.  Gantt,  Prof.  W.  F.  M.  Goss,  Prof.  Arthur  M. 
Greene,  Jr.,  James  Hartness  and  F.  H.  Stillman,  had  been  chosen 
to  sit  in  judgment  on  his  arguments  and,  clad  in  the  robes  of  office, 
filed  in  with  due  solemnity  as  Mr.  Dodge  began  his  address.  Mrs.  E.  B. 
Danforth,  eighty  years  of  age,  then  rendered  a  piano  solo,  and  A.  T. 
Baldwin  read  the  following  "Engineer's  Reverie,"  written  by  Granger 
Whitney,  Superintendent  of  the  Detroit  Iron  and  Steel  Company, 
a  member  of  the  Detroit  Engineering  Society: 
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WHAT'S  THE  USE 
By  Granger  Whitney,  Detroit,  Mich. 

What's  the  use  of  running  levels  on  a  hillside  that  is  steep? 
What's  the  use  of  building  railroads  through  the  valleys  that  are  deep? 
With  your  cantilever  bridges,  with  record  breaking  spans, 
Your  aids  to  navigation,  your  ship  locks  and  your  dams. 
Oh,  the  hydrostatic  pressure  at  the  Sault,  it  gives  me  chills. 
And  the  dusty,  smoking  tunnel  running  through  the  Hoosac  hills 
Makes  me  weary  with  existence;  the  canal  at  Panama 
Seems  a  labor  of  utility  thats  hardly  up  to  par. 
Oh— What's  the  use? 

What's  the  use  of  doubling  up  your  work  on  multiple  machines 
Till  the  weary  brain  is  pinioned  to  a  rack  of  grasping  schemes? 
Your  indicator  card  will  show  expansion  of  the  head, 
Exhaustion  of  the  intellect,  the  cut-off  finds  you  dead. 
With  monoplane  and  gasolene  you  navigate  the  air. 
Your  differential  valve  gear  drives  a  man  to  deep  despair, 
With  many  new  inventions  you  strive  till  you  obtain 
The  ecstatic  culmination  of  an  epicylic  train. 
Oh— What's  the  use? 

What's  the  use  of  sinking  shafts  six  thousand  feet  at  Calumet? 
What's  the  use  of  stoping  out  the  Colorado  sulphurets? 
Now  it's  conical  drum  engines  and  ventilating  fans. 
Then  the  cyaniding  process  and  amalgamating  pans. 
Steam  shovels  do  your  digging  in  a  most  efficient  way. 
Six  hundred  tons  of  Bessemer  you're  smelting  in  a  day. 
It's  economy  and  saving  with  gas  seal  and  double  bell, 
Eighty-five  percent  Mesabe  and  your  tops  blown  all  to  hell. 
Oh— What's  the  use? 

What's  the  use  of  putting  bilge  keels  on  an  ocean  going  ship, 
Let  her  roll  and  let  the  lubbers  seek  their  bunks  or  miss  the  trip. 
There's  forced  draft  on  your  boilers,  you  have  sixty  feet  of  beam. 
You  move  with  two  propellers  and  a  trinity  of  steam. 
With  twelve-foot  center  hatches  and  twelve  thousand  tons  below 
How  your  rivets  groan  and  tremble  when  the  wind  comes  on  to  blow. 
Three  days  from  Escanaba  to  Conneaut,  your  goal. 
And  there  you  fuss  and  fidget  till  you're  sailing  north  with  coal. 
Oh— What's  the  use? 

If  you're  going  to  be  a  pessimist  there  isn't  any  use 

Of  building  ships  or  mining  ore  or  generating  juice. 

If  your  ultimate  ambition  is  to  roll  a  ton  of  rails, 

To  build  an  automobile  or  to  make  a  keg  of  nails 

You  will  find  that  life's  a  burden,  you  will  find  existence  stale, 
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If  you  live  by  rule  and  precedent  you  pretty  sure  will  fail, 
And  if  you  only  work  and  sleep  and  take  three  meals  a  day 
Why  there  isn't  any  answer  and  it  really  doesn't  pay. 
So — What's  the  use? 

It's  the  friends  you've  got  in  Denver,  it's  your  life  out  on  the  hills, 

It's  the  men  you  met  at  Panama,  your  record  with  the  drills. 

It's  the  girls  you've  met  on  ship  board  at  Harrisbui'g,  the  friends  you  left 

at  home. 
It's  that  plutocratic  feeling  when  you're  hiking  down  from  Nome. 
It's  the  people  up  in  Scranton,  it's  the  folks  you  met  in  Lynn, 
It's  your  cronies  out  in  Pueblo,  it's  the  places  you  have  been. 
It's  the  life  you  led  at  Phoenix  when  you  crossed  the  great  divide, 
It's  the  work  you  did  at  Jarrow,  it's  your  record  on  the  Clyde. 

It's  the  golf  you  played  at  Birmingham,  your  San  Francisco  spree, 

It's  when  you  saw  the  springtime  clothe  the  hills  of  Tennessee, 

It's  the  drinks  you  drank  in  Pittsburg  in  your  youthful  days  of  joy. 

It's  that  forty  mile  excursion  from  Schenectady  to  Troy, 

It's  the  days  you  spent  in  Helena,  your  luck  at  Cripple  Creek, 

It's  the  gang  at  South  Chicago  that  never  went  to  sleep. 

It's  the  fellows  at  Altoona.  it's  the  men  that  sing  and  laugh, 

It's  the  men  you've  known  and  lived  with  from  Newport  News  to  Bath. 

It's  when  the  day  is  over  and  your  work  is  all  well  done. 
It's  when  the  campaign's  ended,  it's  when  the  battle's  won. 
Then  friendship  keen,  and  memory  of  many  happy  days 
Bring  the  glorious  satisfaction  that  a  life  of  action  pays. 

That's  the  use — That's  the  use — 
And  we'll  drink  a  toast  to  energy  and  raise  a  merry  song, 
We'll  lead  a  life  that's  strenuous,  we'll  work  a  day  that's  long. 
And  when  that  day  is  ended  and  our  work  is  damned  well  done 
We'll  meet  around  the  festal  board,  we'll  have  a  little  fun. 
That's  the  use. 

Ambrose  Swasey,  Chairman  of  the  Committee  of  Arrangements, 
expressed  briefly  the  Society's  appreciation  of  the  courtesy  and 
friendhness  of  the  ship's  officers,  which  had  added  so  much  to  the 
week's  voyage,  and  as  a  memento  of  the  trip  presented  to  Captain 
Hambelton  a  silver  case,  beautifully  chased  and  engraved  with  the 

words,  PRESENTED  TO  CAPTAIN  A.  E.  S.  HAMBELTON,  COMMANDING 
S.  S.  CELTIC,  BY  MEMBERS  OF  THE  AMERICAN  SOCIETY  OF  MECHANICAL 

ENGINEERS,  JULY  23,  1910;  and  to  Chief  Engineer  Lapsley  an  electric 
desk  lamp,  with  Tiffany  favrile  glass  shade,  similarly  engraved.  These 
tokens  came  as  a  great  surprise  to  their  recipients,  who  expressed  their 
thanks  in  a  few  graceful  remarks. 
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Professor  Hutton  brought  the  program  to  a  close  with  the  following 
poem  written  by  him  for  the  occasion : 


AN  -  ODE;  WITH  KATH  -  ODE 

By  F.  R.  Hutton,  New  York 
Honorary  Secretary  of  the  Society 

THE  AN — ODE 

There  once  was  a  "Gang"  transatlantic 
Up  to  all  sorts  of  lark  and  of  antic ; 

The  Celtic's  so  steady 

That  each  one  is  ready 
For  play,  spite  of  sea  rough  and  frantic. 

They  have  heard  about  comet  and  star, 
In  dancing,  they've  scampered  afar. 
At  the  "Tigers"  they've  smiled, 
Been  by  "Bell-buoy"  beguiled, 
And  learned,  too,  about  Panama. 

We  have  Swasey  to  act  as  our  Boss, 

We  have  chuckled  with  Hartness  and  Goss, 

And  with  Miller,  (T.  Spencer), 

As  stunt-scheme  dispenser 
The  trip's  end  seems  much  like  a  loss. 

One  lad  used  a  big  megaphone; 

Perched  aloft,  with  a  loud  brassy  tone. 
He  told  us  who  scored 
When  they  played  shufHe-board 

With  a  glee  which  is  just  Dodge's  own. 

One  uses  a  lot  of  his  breath 

We  all  like  to  hear  what  he  saith: 

His  nonsense  is  fine 

I  wish  like  it  for  mine 
But  can  he  be  "wasting,"  Gilbreth? 

Nor  must  we  forget  our  police 
So  great  in  preserving  the  peace; 
Were  "face-making"  a  crime. 
Then  "gum-chewing's"  sublime, 
And  grave  misdemeanours  must  cease. 
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THE  KATH ODE 


We  seem  to  be  nearing  the  shore 
When  our  larks  for  a  while  will  be  o'er 

But  we'll  never  forget; 

And  the  friends  we  have  met 
Will  be  mem'ries  of  joy  ever  more. 

So  here  on  our  last  festal  night 
And  with  Ireland  almost  in  sight, 

We  sing  "Hail  to  the  Chief"! 

(To  Lapsley,  in  brief) 
Who  has  handled  our  engines'  great  might. 

But  to  Hambelton — bless  heart  and  head^ — 
Our  last  friendly  word  shall  be  said: 

"Good  luck"  and  "Good-bye," 

We  unite  in  the  cry: 
From  the  sea  he  has  lifted  all  dread. 

After  singing  My  Country  'tis  of  Thee,  appropriately  followed  by 
God  Save  the  King,  the  company  dispersed  amid  many  expressions 
of  appreciation.  During  the  evening  a  collection  was  taken  for  the 
Seamen's  Charities  of  Liverpool  and  London. 

The  program  of  Saturday  evening,  which  was  characterized  through- 
out by  a  spirit  of  good  fellowship,  brought  to  a  close  the  unique  and 
delightful  series  of  events  provided  by  the  Committee  on  Entertain- 
ment, to  whom  as  well  as  to  the  general  committee  so  much  of  the 
pleasure  of  the  trip  was  due.  Indeed  too  much  praise  for  the  perfec- 
tion of  the  entire  series  of  entertainments  cannot  be  accorded  the 
Chairman  and  his  committee,  who  not  only  followed  out  various  sug- 
gestions made  by  the  membership,  but  so  elaborated  them  as  to  make 
the  best  possible  provision  for  the  pleasure  of  the  voyagers.  The 
friendships  formed  on  such  a  journey,  which  must  remain  a  source  of 
satisfaction  long  after  the  details  of  the  trip  are  forgotten,  and  which 
contribute  so  much  to  the  welding  together  of  the  Society's  member- 
ship, were,  it  is  needless  to  say,  a  feature  the  importance  of  which 
cannot  be  measured.  The  greatest  regret  was  expressed  on  every 
side  at  the  unavoidable  absence  of  President  and  Mrs.  George 
Westinghouse.  The  entire  trip  was  remarkable  for  fine  weather  and 
smoothness  and  was  made  comfortable  and  pleasurable  to  all  by  the 
excellent  service. 

At  six  o'clock  Sunday  evening,  July  24,  the  Celtic  entered  the  River 
Mersey,  where  she  was  met  by  the  White  Star  tender  Magnetic, 
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bringing  a  deputation  from  the  Lord  Mayor  of  Liverpool  and  from  the 
Institution  of  Mechanical  Engineers.  The  party  consisted  of  Deputy 
Lord  Mayor,  Henry  Lea,  Esq.,  a  member  of  the  Council  of  the  Insti- 
tution and  formerly  Lord  Mayor  of  Liverpool;  J.  A.  F.  Aspinall, 
President  of  the  Institution;  Prof.  W.  H.  Watkinson  of  Liverpool 
University,  a  member  of  the  Institution;  Edgar  Worthington,  Secre- 
tary of  the  Institution;  and  several  others,  all  of  whom  brought  to 
the  American  Society  the  official  greetings  of  the  city  of  Liverpool 
and  of  the  British  organization.  In  the  absence  of  President  West- 
inghouse,  Vice-President  Goss  and  other  officers  of  the  Society 
received  the  guests  in  the  saloon  of  the  Celtic.  The  Deputy  Lord 
Mayor  in  a  cordial  speech  regretted  the  unavoidable  absence  of 
the  Lord  Mayor  of  Liverpool,  on  whose  behalf  he  bade  them  wel- 
come as  brethren  both  in  blood  relationship  and  in  professional  inter- 
ests. America,  he  had  found  in  his  own  visits  to  that  country,  a 
dehghtful  place  inhabited  by  dehghtful  people,  and  he  hoped  that 
England  might  prove  both  enjoyable  and  profitable  to  the  visitors. 

Mr.  Aspinall  then  tendered  the  welcome  of  the  English  Institution, 
which  had  so  long  been  anticipating  the  visit  of  its  American  brothers. 
Great  Britain,  he  said,  was  a  somewhat  acquisitive  nation  and  it 
was  hoped  that  the  visitors  would  leave  behind  them  a  great  volume 
of  good  mechanical  ideas,  and  that  they  would  find  the  visits  to  British 
works  of  as  great  interest  and  value  as  he  had  found  those  which  he 
had  made  in  America.  In  the  United  States,  he  understood,  university 
work  for  engineers  was  ahead  of  that  in  Great  Britain,  and  the  gradu- 
ates from  these  colleges  were  so  numerous  and  energetic  that  they  were 
spreading  themselves  over  the  British  colonies. 

Professor  Watkinson  followed  with  a  few  remarks  regarding  Ameri- 
can colleges,  describing  his  recent  visit  and  the  kindly  treatment  he 
had  received,  and  expressing  himself  as  deeply  impressed  by  the  mag- 
nificent equipment  and  the  enormous  research  work  being  done.  He 
concluded  with  a  cordial  welcome  from  the  engineering  department 
of  Liverpool  University. 

Edgar  Worthington,  a  friend  of  long  standing  of  the  American 
Society,  was  also  called  upon  for  a  few  remarks.  Mr.  Fothergill, 
representing  the  management  of  the  White  Star  Line,  made  a  short 
speech  placing  the  facilities  of  his  company  at  the  disposal  of  the 
travelers  upon  arrival. 

These  hearty  greetings  were  acknowledged  by  Vice-President  Goss, 
who  expressed  the  gratification  of  himself  and  of  his  American  friends, 
and  their  keen  appreciation  of  the  coming  events. 


JOINT   MEETING    IN    ENGLAND  1723 

After  the  welcoming  delegation  had  departed,  the  Celtic  was  towed 
to  her  dock  to  remain  over  night,  the  party  landing  in  Liverpool 
the  next  morning  and,  after  the  necessary  formalities  of  the  customs, 
proceeding  at  once  to  the  Lime  Street  Station  where  special  dining 
coaches  waited  to  convey  them  to  Birmingham.  President  Aspinall 
of  the  English  society,  together  with  Mrs.  Aspinall  and  their  daughters, 
and  also  Fred.  W.  Taylor,  Past-President  of  the  Society,  and  Mrs. 
Taylor  who  had  reached  England  some  days  earlier,  were  onboard 
the  train  to  greet  the  party. 

At  Birmingham,  Messrs.  Howard  Heaton  and  Fred.  M.  Lea, 
Honorary  Secretaries  of  the  Local  Committee,  received  the  party 
upon  their  arrival  and  escorted  them  to  motor  omnibuses  which  con- 
veyed them  to  their  respective  hotels.  So  thoroughly  had  the 
Committee  on  Transportation,  Charles  Whiting  Baker  and  the 
Secretary,  done  its  work  that  not  only  had  hotel  accommodations  for 
each  individual  been  arranged  in  Birmingham  and  London,  but  no 
one  from  the  time  of  the  departure  of  the  Celtic  to  the  close  of  the 
meeting  in  London,  was  obliged  to  concern  himself  in  the  least  regard- 
ing the  disposal  of  baggage. 

On  Monday  evening  President  Aspinall  tendered  a  dinner  at  the 
Queen's  Hotel  to  the  Past-Presidents  and  Council  of  the  American 
Society,  to  which  were  also  invited  the  Council  and  Past-Presidents 
of  the  Institution.  The  Lord  Mayor  of  Birmingham,  Alderman  W.  H. 
Bowater,  was  the  guest  of  honor.  There  were  also  present,  Dean  W.  F. 
M.  Goss,  Sir  William  H.  White,  Sir  Oliver  J.  Lodge,  Charles  Whiting 
Baker,  Arthur  Keen,  Ambrose  Swasey,  Sir  Gerard  A.  Muntz,  Bart., 
James  Mapes  Dodge,  William  H.  Maw,  Jesse  M.  Smith,  Sir  George  Ken- 
rick,  Oberlin  Smith,  Edward  P.  Martin,  Prof.  F.  R.  Hutton,  J.  Hart- 
ley Wicksteed,  Prof.  R.  C.  Carpenter,  Joseph  S.  Taylor,  Walter  Pitt, 
J.  C.  Vaudrey,  Henry  Lea,  Henry  L.  Gantt,  H.  A.  Ivatt,  Robert 
Matthews,  H.  Graham  Harris,  Worcester  R.  Warner,  H.  F.  Donald- 
son, William  H.  Allen,  Howard  Heaton,  Alderman  Sir  Hallewell 
Rogers,  John  R.  Freeman,  Prof.  W.  Cawthorne  Unwin,  Arthur 
T.  Keen,  Edgar  Worthington,  James  Hartness,  Hon.  William  H. 
Wiley,  Loughnan  Pendred,  Mark  H.  Robinson,  Fred.  M.  Lee,  E.  B. 
Ellington,  Frederick  W.  Taylor,  F.  Dudley  Docker,  George  M.  Brill, 
Michael  Longridge,  George  Tangye,  Edward  Hopinkson,  George 
Robert  Jebb,  Capt.  H.  Rial!  Sankey  Reginald  K.  Morcom,  Godfrey 
Nettlefold,  Dr.  H.  S.  Hele-Shaw,  Eric  M.  Carter,  and  the  Secretary. 
Toasts  were  given  to  the  King,  the  President  of  the  United  States,  and 
to  the  Guests.    Respecting  the  latter,  Mr.  Aspinall  spoke  of  his  gratifi- 
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cation  at  the  welcome  which  the  city  of  Birmingham  had  accorded  to 
the  American  visitors  and  of  the  great  regret  felt  by  all  at  the  absence 
of  Mr.  Westinghouse,  to  whose  coming  all  had  looked  forward,  some  in 
appreciation  of  him  as  a  friend  and  a  splendid  host,  and  all  in  admira- 
tion of  him  as  an  engineer  known  from  one  end  of  the  world  to  another. 
It  was  most  appropriate  that  the  societies  shouldgather  in  Birmingham 
where  the  Institution  of  Mechanical  Engineers  was  founded  in  1847, 
under  the  leadership  of  its  first  president,  George  Stephenson,  in 
a  hotel  of  the  same  name,  if  not  the  very  building  in  which  this  dinner 
was  now  held.  Referring  to  the  Joint  Meeting  now  in  progress,  it  had 
for  an  object,  he  said,  not  only  the  study  of  the  work  of  our  brother 
engineers,  but  the  widening  of  acquaintance  with  one  another. 

Dr.  Goss,  as  acting  President,  responded  to  this  toast  on  behalf  of 
the  Society,  and  brief  remarks  were  also  made  by  Ambrose  Swasey 
and  other  members. 

TUESDAY,  JULY  26 

The  Joint  Meeting  was  formally  opened  on  Tuesday,  July  26,  at 
10  o'clock,  in  the  Lecture  Hall  of  the  Birmingham  and  Midland 
Institute.  The  officers  of  the  two  societies  who  had  assembled  in 
the  Institute  Board  Room  previous  to  the  meeting,  entered  the 
hall  in  a  body  at  the  beginning  of  the  session,  and  took  their 
assigned  seats  on  the  platform.  The  American  Society  was  repre- 
sented by  Dr.  W.  F.  M.  Goss,  James  M.  Dodge,  John  R.  Freeman,  F. 
R.  Hutton,  Jesse  M.  Smith,  Oberlin  Smith,  Ambrose  Swasey,  F.  W. 
Taylor,  Worcester  R.  Warner,  Charles  Whiting  Baker,  E.  D.  Meier, 
Henry  L.  Gantt,  James  Hartness,  Wm.  H.  Wiley,  Willis  E.  Hall, 
and  the  Secretary.  The  Lord  Mayor  of  Birmingham,  Alderman 
W.  H.  Bowater,  heartily  welcomed  the  members  to  the  city  on 
behalf  of  the  Reception  Committee,  whose  chairman,  Mr.  Neville 
Chamberlain,  was  prevented  by  a  slight  accident  from  being  present, 
and  expressed  the  hope  that  the  American  visitors  would  feel  when 
the  time  came  for  their  departure  that  they  had  been  treated  not  as 
strangers  but  as  members  of  the  same  brotherhood.  It  was  very 
fitting  that  Birmingham,  the  birthplace  of  the  English  Institution, 
considered  the  very  center  of  mechanical  engineering,  should  have  been 
selected  for  so  important  a  gathering  as  the  present  meeting.  Some 
people  did  not  think  it  a  very  beautiful  city,  but  its  own  inhabitants 
were  delighted  with  the  darkness  of  the  atmosphere  and  the  ever- 
present  smoke  because  the  more  plentiful  the  smoke  the  greater  the 
volume  of  business  in  the  workshop. 
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Tlie  Lord  Mayor  was  followed  by  Mr.  (u'orgc  Taiigyc,  Vice-Chair- 
man of  the  Reception  Committee,  who  as  custodian  of  the  Boulton 
and  Watt  relics,  offered  to  the  Society  a  framed  letter  written  by 
James  Watt  in  1777,  as  a  memento  of  their  visit  to  Birmingham. 
President  Aspinall  of  the  Institution  in  expressing  his  own  api)recia- 
tion  of  this  gift  by  Mr.  Tangye  to  the  American  Society  referred  to  the 
close  connection  between  the  two  nations  as  illustrated  by  the  fact 
that  Boulton  and  Watt  sold  to  Robert  Fulton  his  first  engine.  Bir- 
mingham had  thus  played  its  part  in  engineering  work  on  both  sides  of 
the  Atlantic.  Another  of  its  citizens,  James  Wyatt,  invented  the 
first  cotton-spinning  machine  in  1741  and  the  first  hanks  of  cotton 
produced  by  it  might  be  viewed  at  any  time  in  the  city  museum. 
Engineers  recognized,  he  said,  how  much  they  owed  to  Birmingham 
and  how  much  the  city  had  done  and  was  doing,  not  only  in  scientific 
advancement  by  means  of  their  great  university,  but  by  the  hard- 
headed  constructive  knowledge  and  ability  of  the  people  who  fought 
to  keep  in  British  hands  by  the  peaceful  weapon-^  of  conunercial  con- 
quest a  fair  share  of  the  world's  trade. 

Dr.  W.  F.  M.  Goss  expressed  the  hearty  thanks  of  the  American 
Society  for  the  welcome  accorded  them  and  to  Mr.  George  Tangye 
for  his  generous  gift.  This  was  the  third  official  visit  of  the  Society  to 
England  and  previous  experience  had  taught  the  members  how  great 
a  privilege  it  was  to  be  the  guests  of  the  Institution.  Entering  Eng- 
land with  a  recognition  of  how  many  jjractices  of  the  profession  had 
their  beginning  here,  they  were  already  in  full  enjoyment  of  everything 
found  in  the  country,  from  the  green  of  the  trees  and  meadows  to  the 
permanency  and  beauty  which  characterized  so  many  of  the  engineer- 
ing structures.  Under  present-day  conditions  the  engineer  had  become 
the  world's  great  civilizcr  and  in  the  transforming  process  in  which 
men  had  been  given  new  occupations  and  the  world  of  their  fathers  re- 
placed by  a  new  world,  the  engineers  of  England  and  America  had 
had  a  large  part.  National  boundaries  no  longer  affected  them  for, 
thanks  to  the  English  shipbuilders,  the  ocean  between  them  had 
become  an  easy  means  of  communication.  The  spirit  of  the  two  organ- 
izations, if  not  the  organizations  themselves,  might  be  federated,  and 
to  such  a  result  this  Joint  Meeting  was  sure  to  prove  a  contril)uting 
factor.  Mr.  Tangye's  generous  gift  had  quite  taken  them  by  surprise 
and  they  would  not  forget  the  giver  in  their  enjoyment  of  the  new 
possession. 

The  inscription  on  the  frame  of  the  memorial  was  then  read: 


1726  JOINT   MEETING    IN    ENGLAND 

PRESENTED  TO  THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 
BY  GEORGE  TANGYE  AT  THE  JOINT  SUMMER  MEETING  AT  BIRMINGHAM 

IN  JULY,  1910.  Dr.  Goss  added  that  the  letter  was  both  written  and 
signed  by  James  Watt,  and  was  very  legible  and  well  preserved  in 
every  respect.  A  photograph  of  the  letter,  showing  the  two  sides, 
is  given. herewith. 

Mr.  Aspinall  then  took  the  chair  and  at  his  request  a  telegram  of 
regret  was  sent  to  Mr.  Westinghouse. 

After  the  transaction  of  some  routine  business  the  following  papers 
were  read  and  jointly  discussed,  the  chair  being  alternately  occupied 
by  Mr.  Aspinall  and  Dr.  Goss  on  this  and  succeeding  days :  English 
Running-Shed  Practice,  by  Cecil  W.  Paget,  Member  I.  Mech.E., 
General  Superintendent,  Midland  Railway,  Derby ;  Handling  Locomo- 
tives at  Terminals,  Frederic  M.  Whyte,  Vice-President  Am.Soc.M.E., 
General  Mechanical  Engineer,  New  York  Central  Lines,  New  York; 
Engine-House  Practice,  F.  H.  Clark,  Mem. Am.Soc.M.E.,  Chicago, 
111.;  American  Locomotive  Terminals,  William  Forsyth,  Mem. Am. 
Soc.M.E.,  Railway  Age  Gazette,  Chicago,  111. ;  and  Handling  Engines, 
by  H.  H.  Vaughan,  Member  I.  Mech.E.  and  Am.Soc.M.E.,  Canadian 
Pacific  Railway,  Montreal,  Can.  The  discussers  were  George  Hughes, 
James  M.  Dodge,  Henry  Fowler,  Henry  L.  Gantt,  Arthur  D.  Jones, 
J.  E.  Sague,  F.  H.  Clark,  Cecil  W.  Paget,  William  Forsyth,  F.  M. 
Whyte  and  H.  H.  Vaughan. 

Tuesday  Afternoon  and  Evening 

After  luncheon,  which  through  the  courtesy  of  the  Lord  Mayor, 
was  served  in  the  Town  Hall,  the  visitors  scattered  to  enjoy  the  vari- 
ous trips  to  places  of  professional  and  historical  interest  in  and  about 
Birmingham,  arranged  by  the  local  Reception  Committee  for  both 
Tuesday  and  Wednesday  afternoons.  One  of  these  was  a  trip  to 
Dudley  Port,  Tipton,  where  inspection  was  made  of  the  works  of  the 
South  Staffordshire  Mond  Gas  Company,  under  the  guidance  of  the 
Managing  Director,  Edmund  Howe,  Esq.,  Member  I. Mech.E. 
This  company  distributes  gas  for  power  and  heating  purposes  over 
an  area  of  about  123  sq.  mi.,  in  what  may  be  termed  the  industrial 
heart  of  England.  The  plant  comprises  eight  producers,  each  capable 
of  gasifying  20  tons  of  fuel  per  day  and  generating  sufficient  gas  to 
drive  gas-engines  of  2000  h.p.  continuously.  Here  also  the  testing 
station  of  the  Pump  and  Power  Company  was  visited,  which  contains 
four  Humphrey  pumps  of  various  types,  the  largest  of  which  is  4- 
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cycle,  delivering  250,000  gal.  per  hr.  to  a  height  of  35  ft.  H.  A. 
Humphrey,  Esq.,  Managing  Director,  Member  I.  Mech.E.,  conducted 
the  party. 

Another  excursion  was  that  made  to  the  works  of  the  Austin  Motor 
Compan}'  at  Northfield,  under  the  guidance  of  H.  Austin,  Esq., 
Governing  Director,  where  the  range  of  models  manufactured  com- 
prises the  4-cylinder  engine  of  the  25  to  30  h.p.  type;  a  smaller  model 
of  18  to  24  h.p.;  a  15-h.p.  4-cylinder  model  in  two  forms,  one  having 
the  engine  in  front  and  with  narrowed  frame  used  for  taxicab  work, 
and  the  other  the  engine  under  the  driver's  seat,  used  for  landaulet 
or  coupe  carriages,  or  light  delivery  vans  to  carry  loads  up  to  15  cwt. ; 
a  7-h.p.  single-cylinder;  a  50-h.p.  6-cylinder;  and  an  18  to  24-h.p. 
4-cylinder  of  a  special  type  fitted  with  detachable  wire  wheels.  The 
works  of  the  company  occupy  over  six  acres,  one  building  being 
devoted  to  the  machine  shops,  and  the  other  departments  being  the 
grinding  section,  hardening  shop,  power  house,  engine  test-house, 
plating  and  polishing  sections,  erecting  shop,  copper  and  tinsmith's 
shop,  chassis  test-house,  wheel  building  shop,  finishing  shop,  pattern- 
maker's shop,  carriage  building  shop.  The  restaurant  of  the  com- 
pany, where  the  guests  had  tea,  is  shown  herewith. 

A  third  party,  conducted  by  the  Managing  Director,  Percy  Wheeler, 
Esq.,  Member  I. Mech.E.,  visited  the  Metropolitan  Amalgamated 
Railway  Carriage  and  Wagon  Company  at  Saltley,  which  covers  20 
acres  and  comprises  a  smith,  smithy  power  house,  steel  under-frame 
shop,  machine  shop,  power  house,  boiler  house,  foundry,  saw  mill, 
gantry,  wagon  building  shop,  car  body  shop  and  paint  shop.  These 
works  are  lighted  by  electricity  generated  on  the  grounds  and  employ 
about  3000  men. 

The  Frankley  Filter  Beds  to  which  a  trip  was  also  arranged,  are 
situated  near  Northfield,  and  form  a  portion  of  the  Elan  Supply  Works 
designed  to  furnish  eventually  72,000,000  gal.  per  day.  Points  of 
especial  interest  are  the  reservoir,  filter  washing,  pure  water  reser- 
voirs, pumping  station,  and  the  mains  and  meters.  The  resident 
engineer,  F.  N.  Macaulay,  Esq.,  acted  as  escort.  On  all  of  these  trips 
tea  was  served  at  the  works,  usually  in  the  employees'  mess  room, 
commonly  found  in  English  workshops. 

An  excursion  to  Stratford-upon-Avon  included  visits  to  Shakes- 
peare's birthplace,  the  Church,  the  Memorial  Theatre,  Anne  Hatha- 
way's  Cottage,  and  other  points  of  interest.  Tea  was  served  at 
the  Shakespeare  Hotel.  Many  of  our  party  were  interested  in  the 
fact  that  The  Piper,  a  play  written  by  one  of  our  own  country- 
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women,  the  wife  of  one  of  our  members,  Josephine  Preston  Peabody 
(Mrs.  L.  S.  Marks),  of  Cambridge,  was  to  be  produced  for  the  first 
time  on  Wednesday  evening  at  the  Memorial  Theatre,  having  been 
awarded  the  £300  prize  in  a  world's  contest.  A  number  of  the  mem- 
bers of  the  Society  were  present  at  this  initial  performance  which 
received  much  favorable  criticism. 

A  trip  was  also  made  to  the  historic  town  of  Worcester,  "The  Faith- 
ful City,"  where  at  the  Guildhall  the  Mayor,  Hon.  Alfred  Percy 
Allsopp,  and  the  Corporation  of  Worcester,  welcomed  the  party. 
At  the  Cathedral,  on  the  eastern  bank  of  the  Severn,  the  Dean, 
the  Very  Reverend  Dr.  W.  Moore  Ede,  gave  a  brief  historical 
address,  tracing  the  growth  of  the  group  of  buildings  from  their  be- 
ginning as  a  small  Benedictine  Monastery  in  680  A.D.,  through  the 
building  period  fostered  by  the  Normans  in  the  eleventh  century,  their 
vicissitudes  under  Henry  VIII  and  again  under  Cromwell,  to  their 
final  restoration  in  1874.  This  great  cathedral  of  the  Western  Midlands 
is  simple  in  plan,  and  while  the  restoration  has  of  necessity  removed 
much  of  the  "atmosphere"  of  antiquity  so  dear  to  the  American  visi- 
tor, the  interior  has  a  wonderful  perfection  of  design,  and  gives  proof 
of  the  most  reverent  care. 

The  party  also  visited  the  Worcester  Porcelain  Works  which  were 
founded  in  1751  by  Dr.  John  Wall,  a  distinguished  physician  and  artist 
who  succeeded  in  producing  one  of  the  most  beautiful  of  the  porce- 
lains and  to  whom  in  1788  King  George  III  granted  a  patent  which 
gave  to  Worcester  the  first  royal  porcelain  works  in  England ;  as  well 
as  the  quaint  Hospital  of  St.  Wulstan,  commonly  called  the  Com- 
mandery,  which  dates  back  to  the  11th  century.  The  entire  place  is 
rich  in  historical  associations,  intimately  connected  with  the  Civil 
War,  and  is  full  of  carvings,  furniture  and  objects  of  art. 

Some  of  the  party  also  visited  Stoneleigh  Park  where  after  a  view  of 
the  ruins  of  the  old  Cistercian  Abbey  built  in  the  16th  century  the 
party  proceeded  to  Kenilworth,  seeing  the  Castle  and  having  tea  at 
the  Abbey  or  Kings  Arms  Hotels. 

All  of  these  trips  were  arranged  by  the  Committee  with  the  greatest 
care  and  forethought  for  the  welfare  and  pleasure  of  the  visitors, 
special  trains  or  motor  buses  as  well  as  guides  being  supplied  in 
every  case,  and  provision  being  made  for  both  luncheon  and  tea.  On 
the  technical  excursions  these  were  furnished  through  the  courtesy  of 
the  companies. 

Birmingham  itself  contains  so  many  places  of  professional  interest 
that  many  of  the  guests  took  advantage  of  the  opportunity  to  inspect 
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some  of  the  engineering  works  located  in  the  city,  among  the  most 
prominent  of  which  are  James  Archdale  and  Co.,  Manchester  Works; 
Aston  Manor  Corporation  Electric  Power  Station;  Birmingham  Cor- 
poration Electric  Supply  Station;  James  Cartland  and  Son;  Elkington 
and  Co.;  General  Electrical  Co.,  Witton  Works;  Joseph  Gillott  and 
Sons,  MetaUic  Pen  Manufactory;  National  Telephone  Co.'s  Ex- 
changes; F.  and  C.  Osier;  Taylor  and  Challen,  Derwent  Works; 
H.  W.  Ward  and  Co.;  Webley  and  Scott;  E.  G.  Wrigley  and  Co., 
Foundry  Lane  Works. 

The  older  part  of  the  city  is  crowded  with  these  workshops  and  ware- 
houses, but  the  modern  part  is  well  built  and  full  of  fine  specimens 
of  architecture.  Most  of  its  municipal  undertakings  date  back  to 
1875  when  Mr.  Joseph  Chamberlain,  then  its  Mayor,  inaugurated  the 
new  era. 

A  Ladies'  Committee,  consisting  of  the  Lady  Mayoress,  Mrs. 
W.  H.  Bowater,  Chairman,  Mrs.  Horatio  Lane,  Honorary  Secretary, 
and  Mesdames  C.  G.  Beale,  George  Beech,  Eric  M.  Carter,  James 
Chatwin,  George  Vonaty,  A.  E.  Cutler,  David  Davis,  H.  Ashton 
Hill,  E.  C.  Keay,  E.  Antony  Lees,  Sheffield,  J.  D.  Steven,  William 
Tangye,  J.  C.  Vaudrey  and  Miss  Vaudrey,  W.  E.  Warden,  and  Philip 
J.  Worsley,  on  Tuesday  and  Wednesday  mornings  escorted  the  visit- 
ing ladies  to  various  points  of  interest  in  the  locality,  providing 
special  omnibuses  for  the  trip. 

Many  of  the  members  also  accepted  Mr.  George  Tangye's  kind 
invitation  to  visit  the  Watt  room  in  Heathfield  Hall  which,  formerly 
the  home  of  James  Watt,  has  been  occupied  by  Mr.  Tangye  for 
the  past  25  years.  The  room  is  in  every  detail  of  its  contents 
just  as  Watt  left  it,  and  all  who  appreciated  the  splendid  genius 
of  this  early  engineer  could  not  but  view  with  reverence  the  hun- 
dred-year-old stove,  containing  the  ashes  of  the  last  fire  burnt  in  it 
while  Watt  lived;  the  chest  of  drawers  full  of  odd  bits  of  metal,  scraps 
of  wood,  mathematical  instruments  and  the  like;  the  first  copying 
press,  one  of  Watt's  inventions,  now  standing  with  the  dust  of  years 
upon  it;  his  lathe  with  its  lamp  and  tools  untouched  and  the  leather 
apron  hung  up  where  he  left  it;  and  many  perfected  or  half -perfected 
processes  or  machines,  all  showing  so  clearly  his  instinct  and  passion 
for  invention.  The  curator  of  these  relics,  which  Mr.  Tangye  long 
ago  presented  to  the  city  of  Birmingham,  made  the  visit  doubly 
interesting  by  his  personal  guidance  and  explanation.  A  copy  of 
the  portrait  of  James  Watt,  painted  by  Sir  William  Beechy,  which 
hangs  in  the  dining  room  at  Heathfield,  is  here  reproduced  through 
the  kindness  of  Mr.  Tangye. 
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The  brilliant  garden  fete  given  by  the  Birmingham  Reception 
Committee  on  Tuesday  evening  in  the  Botanical  Gardens  at 
Edgbaston,  and  attended  by  more  than  5000  guests,  was  remark- 
able for  the  lavishness  of  its  hospitality  as  well  as  for  the  splendor  of 
the  entertainment  afforded  and  the  scenic  effect  produced  in  the 
grounds.  On  every  hand  strings  of  miniature  lamps  and  Japanese 
lanterns  cast  a  radiant  glow  upon  the  paths  and  the  awnings  of  the 
conservatories  and  lawn.  The  Lord  Mayor  and  Lady  Mayoress, 
Alderman  and  Mrs.  Bowater,  Alderman  Sir  G.  H.  Kenrick,  Sir 
Oliver  J.  Lodge,  Mr.  Henry  Lea  and  Mr.  George  Tangye,  received 
the  members  and  friends  in  the  Floral  Hall  which  was  especially  decor- 
ated for  the  occasion.  Music  was  furnished  by  the  band  of  the  Royal 
Marines  of  Portsmouth  and  during  the  evening  a  series  of  fine  fire- 
works was  displayed,  including  a  set  piece  showing  the  British  and 
American  flags  crossed  in  the  air.  An  elaborate  luncheon  was  served 
in  the  tents  and  the  American  guests  were  conveyed  to  and  from  their 
hotels  by  special  motor  omnibuses. 

WEDNESDAY,  JULY  27 

The  meetings  in  the  Midland  Institute  were  resumed  on  Wednes- 
day morning  at  10  o'clock,  when  the  following  cablegram  was  read 
from  President  Westinghouse  in  reply  to  that  of  Mr.  Aspinall  sent 
on  Tuesday:  "Express  my  deep  appreciation  to  Lord  Mayor,  Aspin- 
all, Goss  and  Members  both  associations  for  their  expressions  of 
regret  because  of  my  absence  and  for  their  good  wishes.  I  have  the 
highest  hope  that  the  Joint  Meeting  will  be  of  permanent  value  in  fur- 
ther cementing  the  relations  between  the  societies,  and  in  promoting 
cooperation  between  the  engineers  of  the  two  countries." 

The  following  papers  were  then  presented  and  discussed:  High- 
Speed  Tools  and  Machines  to  Fit  Them,  by  H.  I.  Brackenbury, 
Member  I.Mech.E.,  Elswick  Works,  Sir  W.  G.  Armstrong,  Whit- 
worth  &  Co.,  Newcastle-on-Tyne;  Rapid  Production  in  Machine 
Work;  Abstract  of  Data  Collected  by  The  American  Society  of  Me- 
chanical Engineers,  read  by  John  Calder,  Mem.Am.Soc.M.E., 
Manager,  Remington  Typewriter  Works,  Ilion,  N.  Y.;  Data  on 
Manufacturing  Methods  with  Machine  Tools,  by  Luther  D. 
Burlingame,  Mem.Am.Soc.M.E.,  Chief  Draftsman,  Brown  &  Sharpe 
Co.,  Providence,  R.  I.;  and  Development  of  High-Speed  Drilling 
Machines,  by  L.  P.  Alford,  Mem.Am.Soc.M.E.,  Engineering  Editor 
American  Machinist,  New  York.    They  were  discussed  by  J.  Hartley 
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Wicksteed,  William  Lodge,  Dempster  Smith,  Frank  B.  Gilbreth, 
H.  I.  Brackenbury,  Daniel  Adamson,  George  Addy,  Alexander 
Taylor,  W.  F.  M.  Goss  and  John  A.  F.  Aspinall. 

Papers  on  Tooth  Gearing,  by  J.  D.  Steven,  Associate  Member  I. 
Mech.E.,  Messrs.  E.  G.  Wrigley  &  Co.,  Soho,  Birmingham;  and  on 
Interchangeable  Involute  Gearing,  by  Wilfred  Lewis,  Mem.Am.Soe. 
M.E.,  President  Tabor  Manufacturing  Company,  Philadelphia,  and 
Chairman  of  the  Committee  on  Standards  for  Involute  Gears,  were  also 
read  in  abstract,  and  were  discussed  by  P.  V.  Vernon,  C.  R.  Gabriel, 
Luther  D.  Burlingame,  Daniel  Adamson,  Thomas  Humpage,  R.  M. 
Neilson,  J.  R.  Williams,  and  Wilfred  Lewis. 

President  Aspinall  moved  that  the  following  resolutions  of  thanks 
to  their  hosts  and  to  the  many  people  in  and  around  Birmingham  for 
the  great  hospitality  which  they  had  extended  to  the  members  of  the 
two  organizations  be  accepted: 

That  the  best  thanks  of  the  Members  of  the  Institution  of  Mechanical  En- 
gineers and  The  American  Society  of  Mechanical  Engineers  in  this  meeting 
assembled  be  given: 

To  the  Right  Hon.  the  Lord  Mayor  of  Birmingham,  Alderman  W.  H. 
Bowater,  for  his  welcome  of  the  President,  Council,  and  Members  of  the  two 
institutions  to  the  city  of  Birmingham;  for  his  and  the  Lady  Mayoress's  kind 
invitation  to  a  Reception  in  the  Council  House;  also  for  his  courteously 
lending  the  Town  Hall  for  the  purposes  of  the  luncheons. 

To  the  Ladies'  Committee  for  so  kindly  entertaining  the  lady  visitors. 

To  the  Chairman  of  the  Reception  Committee,  the  Lord  Mayor;  the  Vice- 
Chairmen,  Alderman  Sir  [George  H.  Kenrick,  Mr.  Henry  Lea,  Sir  Oliver  J. 
Lodge,  D.Sc,  LI.  D.,  F.R.S.,  Mr.  George  Tangye;  the  Hon.  Treasurer, 
Mr.  Alexander  Fyshe;  and  the  members  of  the  Birmingham  Reception  Com- 
mittee, for  the  attractive  programme  they  have  prepared  for  the  meeting  and 
excursions,  and  for  their  hospitable  entertainment  of  the_  members  at  the 
garden  fete. 

To  the  Chairman  and  Directors  of  the  South  Staffordshire  Mond  Gas 
(Power  and  Heating  Co.),  the  Pump  and  Power  Co.,  the  Austin  Motor  Co., 
the  Metropolitan  Amalgamated  Railway  Carriage  and  Wagon  Co.,  Mr.  F.  W. 
Macaulay,  Messrs.  E.  G.  Wrigley  and  Co.,  Messrs.  Mitchells  and  Butlers, 
Messrs.  Walter  Somers  and  Co.,  and  the  numerous  proprietors  of  places  of 
engineering  interest  in  Birmingham,  Coventry,  Rugby,  and  neighbourhood, 
for  their  kindness  in  throwing  open  their  Works  for  the  visits  of  members 
and  for  hospitalities;  also  to  the  Birmingham  and  Midland  Institute,  the 
Birmingham  Association  of  Mechanical  Engineers,  and  various  clubs  and  the 
Birmingham  Exchange  for  the  extension  of  hospitable  facilities. 

To  the  Right  Hon.  the  Earl  of  Warwick  for  inviting  the  members  and  ladies 
to  visit  Warwick  Castle. 

To  the  Right |Hon.  the  Earl  of  Clarendon  for  permitting  the  members  and 
ladies  to  visit  Kenilworth  Castle. 
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To  the  Right  Hon.  Lord  Leigh  for  permitting  the  members  and  ladies  to 
visit  Stoneleigh  Abbey. 

To  the  Mayor  and  Corporation  of  Worcester  for  their  civic  welcome;  to 
the  Very  Rev.  Dean  of  Worcester  for  permission  to  visit  the  Cathedral;  to  the 
Worcester  Royal  Porcelain  Co.,  for  permission  to  visit  their  works;  and  to  Mr. 
Joseph  Littlebury  for  his  i-eception  and  address  at  "Ye  Antient  Command" 
ery";  and  to  Mr.  C.  J.  Seaman  for  arranging  the  visit  to  Worcester. 

To  the  Very  Rev.  Dean  of  Lichfield  for  permission  to  visit  the  Cathedral; 
to  Councillor  Charles  Harradine,  chief  verger,  for  conducting  the  members 
and  ladies  over  the  Cathedral;  to  Councillor  William  A.  Wood,  Chairman  of 
the  Johnson  Birthplace  Committee,  for  conducting  them  over  Dr.  Johnson's 
house;  and  to  Alderman  Herbert  M.  Morgan,  for  inviting  them  to  the  Old 
Grammar  School  house,  Lichfield. 

To  the  Council  of  the  University  of  Birmingham  for  the  reception  and 
entertainment  of  the  members  and  ladies  at  the  new  buildings. 

To  Mr.  George  Tangye  for  his  invitation  to  visit  the  Watt  room  at  his 
residence. 

To  Messrs.  Alfred  Herbert,  the  Daimler  Motor  Co.,  and  to  the  Wolseley 
Tool  and  Motor  Car  Co.,  for  inviting  the  members  to  visit  their  works,  and 
for  their  kindness  in  entertaining  the  members  at  luncheon. 

To  the  Honorary  Local  Secretaries,  Mr.  Fred.  M.  Lea  and  Mr.  Howard 
Heaton,  for  planning  numerous  visits  to  places  of  intei'est  in  Birmingham 
and  neighbourhood,  and  for  the  admirable  arrangements  which  their  fore- 
thought and  energy  have  provided  during  the  meeting. 

To  the  London  and  North  Western,  the  Great  Western,  the  Midland,  and 
other  railway  companies  of  Great  Britain  for  special  traveling  facilities  con- 
nected with  the  meeting. 

The  Secretaries  of  the  two  societies  were  instructed  to  transmit  these 
resokitions  to  the  various  corporations  and  individuals  and  Professor 
Hutton  voiced  their  support  by  the  American  members.  The  reso- 
lutions were  carried  by  acclamation. 


Wednesday  Afternoon  and  Evening 

Wednesday  afternoon,  after  luncheon  again  served  in  the  the  Town 
Hall,  was  also  spent  in  sightseeing.  Many  availed  themselves  of 
the  opportunity  to  visit  the  new  buildings  of  the  University  of  Birm- 
ingham, opened  in  July  1909  by  the  late  King  Edward,  which  is 
splendidly  equipped  for  the  study  of  chemistry,  physics  and  mechani- 
cal, civil  and  electrical  engineering.  No  small  part  of  the  formation 
of  this,  the  leading  technical  college  in  Great  Britain,  was  due  to  the 
genius  and  untiring  efforts  of  Mr.  Joseph  Chamberlain,  who  in  1898 
in  a  public  announcement  planted  the  seed  of  which  this  great  group 
of  buildings  is  now  the  harvest.     It  was  at  the  suggestion  of  an 
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American  citizen,  Mr.  Andrew  Carnegie,  by  whom  a  donation  to  the 
fund  was  made,  that  a  committee  was  sent  to  investigate  the  work 
done  in  America,  as  a  result  of  which  the  American  system  of 
engineering  was  introduced  into  the  University  by  its  Council.  Sir 
Oliver  J.  Lodge,  a  man  of  broad  sympathies  and  of  world-wide  scien- 
tific reputation  has  as  its  Principal  done  much  by  his  remarkable 
personality  to  realize  Mr.  Chamberlain's  ideal  that  the  University 
"be  not  only  a  school  of  general  culture  but  practically  assist  the 
prosperity  and  welfare  of  the  district  by  attention  given  to  teaching 
science  in  connection  with  its  application  to  local  industries  and 
manufacturies."  On  arrival  at  the  University  the  party  were  received 
on  the  steps  by  Sir  Oliver  J.  Lodge  and  in  the  rotunda  by  the  Vice- 
Chancellor,  Alderman  C.  G.  Beale  the  Pro-Vice-Chancellor,  Alderman 
F.  C.  Clayton;  the  Vice-Principal,  Prof.  R.  S.  Heath,  and  the  Profes- 
sors. The  buildings  and  grounds  were  fully  inspected  and  after  tea 
served  on  invitation  of  the  Council  of  the  University  in  the  Great 
Hall,  a  magnificent  edifice  in  which  all  public  ceremonies  are  held, 
the  guests  returned  to  Birmingham  in  the  special  motor  omnibuses 
provided  for  the  trip. 

A  trip  was  made  by  others  to  the  brewery  of  Messrs.  Mitchells  and 
Butlers,  at  Cape  Hill,  Smethwick,  under  the  guidance  of  the  deputy 
Chairman,  W.  Walter  Bulter.  The  malt  used  in  the  manufacture  of 
beer  is  produced  on  the  premises,  and  the  beer  when  finally  manufac- 
tured is  run  into  casks  by  a  special  apparatus  which  ensures  absolute 
cleanliness.  A  display  of  the  company's  Volunteer  Fire  Brigade, 
which  has  won  several  prizes,  was  given  in  the  presence  of  the  visitors. 
The  directors  provide  for  the  recreation  of  their  employees  in 
bowling  greens,  cricket  grounds  and  a  football  field,  as  well  as 
rooms  for  ambulance  practice,  lectures,  etc.  Conveyances  and 
refreshments  were  offered  to  the  sightseers  through  the  courtesy  of 
the  company. 

The  reception  given  by  the  Lord  Mayor  and  Lady  Mayoress  in 
the  Council  House  on  Wednesday  evening,  was  largely  attended 
and  much  appreciation  expressed  of  the  beauty  of  the  floral  decora- 
tions and  the  excellence  of  the  music.  The  Council  House  con- 
tains a  large  reception  room  and  art  gallery  besides  the  Council 
Chambers,  and  all  of  these  were  thrown  open  to  the  guests.  Refresh- 
ments were  served  in  the  gallery  at  the  conclusion  of  the  reception, 
and  the  guests  conveyed  to  their  hotels  in  special  motor  omnibuses. 
The  Lord  Mayor  and  Lady  Mayoress,  who  personally  attended  the 
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various  functions,  not  only  contributed  much  to  the  occasion  by  their 
presence  but  very  effectively  emphasized  the  cordiality  of  our  recep- 
tion. 

THURSDAY,  JULY  28 

Both  organizations  bade  farewell  to  Birmingham  on  Thursday 
morning  with  many  expressions  of  appreciation  of  their  delightful 
sojourn  and  regret  at  leaving  the  many  friends  who  had  made  them 
welcome.  The  entire  day  was  devoted  to  sightseeing,  all  the  plans, 
which  provided  for  four  alternative  excursions,  having  as  an  objective 
point  the  arrival  of  the  members  in  London  that  same  evening,  where 
on  Friday  and  Saturday  the  final  sessions  of  the  Joint  Meeting  were 
to  be  held. 

The  guests  on  one  of  these  trips  visited  Coventry  where  the 
Edgwick  Works  and  Foundry  and  also  the  Head  Works  of  Messrs. 
Albert  Herbert  were  inspected  under  the  personal  guidance  of  Mr. 
Herbert  himself.  Member  of  the  Institution.  This  firm  manufac- 
tures horizontal  and  vertical  milling  machines,  capstan  lathes, 
automatic  screw  and  turning-machines,  light  drilling-machines  and 
universal  grinding  machines.  Piece  work  is  employed  throughout, 
a  separate  price  being  given  for  each  operation.  On  Mr.  Herbert's 
invitation  the  party  took  lunch  in  the  new  building  of  the  company. 

Some  of  the  party  on  arrival  in  Coventry  went  instead  to  the  works 
of  the  Daimler  Motor  Company  where  they  were  escorted  through 
the  buildings  by  Percy  Martin,  Esq.,  Member  of  the  Institution,  and 
were  interested  in  viewing  the  thirteen  different  trades  brought  into 
operation  at  these  works,  namely,  machining,  fitting,  engine-testing, 
erecting,  copper-smithing,  electro-plating,  etc.,  the  whole  occupying 
in  shops  alone  8|^  acres  of  floor-space.  The  company  had  provided 
luncheon  for  the  party  which  was  served  at  the  works. 

From  Coventry  the  party  proceeded  to  Rugby,  where  one  group 
visited  the  works  of  Messrs.  Willans  and  Robinson,  under  the  guidance 
of  the  general  manager,  James  C.  Peach,  Esq.,  Member  of  the  Insti- 
tution, the  principal  output  of  these  works  being  steam  turbines, 
steam  and  oil  engines,  condensing  plants  and  pumps.  Others  in- 
spected the  works  of  the  British  Thomson-Houston  Company,  with 
the  chief  engineer,  H.  N.  Sporborg,  Esq.,  as  escort.  This  company 
manufactures  electrical  apparatus  and  Curtis  turbines  for  traction, 
lighting  and  power  purposes. 
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Another  trip  took  the  sightseers  to  Lichfield,  stopping  at  H[ammer- 
wich  en  route,  where  under  the  guidance  of  the  engineer,  H.  Ashton 
Hill,  Esq.,  they  visited  the  Pipe  Hill  Pumping  Station  of  the  South 
Staffordshire  Water  Works  Company,  which  supplies  a  population 
of  nearly  three-quarters  of  a  million.  At  Lichfield  they  were  shown 
through  the  finely-proportioned  three-spired  cathedral  one  of  the  best 
existing  types  of  the  fourteenth  century  English  church,  by  the  chief 
verger.  Councillor  Charles  Harradine.  This  edifice  is  constructed 
of  red  sandstone  and  the  western  fagade,  the  principal  entrance, 
has  a  wonderful  richness  of  decoration.  In  this  same  town  also.  Dr. 
Samuel  Johnson  was  born  and  the  party  were  fortunate  in  viewing  his 
birthplace  under  the  guidance  of  the  Chairman  of  the  Johnson  Birth- 
place Committee,  Councillor  William  A.  Wood.  In  the  middle  of 
St.  Mary's  Square,  facing  his  father's  house,  is  a  colossal  statute  of 
of  the  doctor  himself,  which  looks  down  upon  the  spectator  from  a 
pedestal  ten  or  twelve  feet  high.  Alderman  Herbert  M.  Morgan,  ex- 
Mayor  of  Lichfield,  took  the  visitors  through  the  Old  Grammar 
School,  where  Johnson,  Addison,  Elias  Ashmole,  Garrick  and  Darwin 
once  sat  upon  the  rude  benches  and  no  doubt  spent  many  uncom- 
fortable hours. 

Other  members  of  the  Society  visited  the  works  of  the  Wolseley 
Tool  and  Motor  Car  Company  at  Adderly  Park,  about  two  miles 
from  the  centre  of  Birmingham,  which  devotes  exclusive  attention 
to  the  manufacture  of  motor-cars  and  petrol  engines  for  marine, 
aeroplane  and  various  purposes,  and  is  equipped  with  high-class 
machine  tools. 

The  rest  of  the  travelers  made  a  trip  to  Kenilworth,  Warwick  and 
Stratford-upon-Avon,  one  group  proceeding  first  to  Kenilworth, 
thence  to  Guy's  Cliff  and  Warwick,  and  concluding  with  a  visit  to 
Stratford;  and  the  other  going  first  to  Stratford  and  from  there 
to  Warwick  and  Kenilworth,  the  two  parties  passing  each  other 
en  route.  In  one  case  luncheon  was  procured  at  Warwick,  and 
in  the  other  at  Stratford,  in  the  old  Red  Horse  Hotel  which  an 
American  finds  it  impossible  not  to  associate  with  our  own  Washing- 
ton Irving. 

At  Kenilworth  the  party  viewed  the  magnificent  ruins  of  the  old 
castle,  so  full  of  memories  of  the  days  of  Elizabeth  and  of  her 
courtier,  the  Earl  of  Leicester.  The  picturesque  Guy's  Cliff,  which 
contains  the  cave  in  which  Guy,  first  Earl  of  Warwick,  is  fabled 
to  have  passed  his  latter  days  and  to  have  been  buried,  formed  a 
fitting  introduction   to  the  gray  towers  of  Warwick    which   King 
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Cymbeline  is  said  to  have  founded  at  the  beginning  of  the  Christian 
era.  The  river  Avon,  which  flows  before  the  castle,  so  perfectly  re- 
flects it  in  its  depths  that  Hawthorne's  fancy  with  regard  to 
the  reality  of  the  mirrored  image  and  the  unreality  of  the  upper 
structure  seems  amply  justified.  Through  the  courtesy  of  the  Earl  of 
Warwick  the  castle  with  its  many  historic  relics  and  architectural 
beauties  was  thrown  open  to  the  visitors. 

At  Stratford-upon-Avon,  now  a  successful  place  of  business  and 
often  for  that  reason  a  disappointment  to  the  visitor  because  of 
its  "newness,"  the  party  visited  Shakespeare's  birthplace  where 
the  beholder  must  always  marvel  at  the  humble  surroundings  of 
the  man  whose  splendid  imaginings  have  so  peopled  our  world; 
the  church  in  which  stands  his  tomb  engraved  with  the  famous 
"  curse" ;  Anne  Hathway's  Cottage  of  much  the  same  rude  order  as 
Shakespeare's  house;  and  the  Memorial  Theatre,  a  more  modern 
structure.  On  all  of  these  excursions  as  on  the  previous  day,  the 
amplest  provision  and  care  had  been  made  for  the  conveyance  and 
refreshment  of  the  travelers. 

More  than  800  guests,  even  after  this  strenuous  day,  assembled 
in  the  evening  at  the  delightful  Conversazione  given  in  the  rooms  of 
the  Institution.  This  building,  which  has  been  erected  since  the 
former  visit  of  the  American  members  to  England  in  1889,  was  much 
admired  by  all  for  the  beauty  of  its  architecture  and  decorations 
and  for  its  fine  site  overlooking  the  waters  of  St.  James  Park.  Presi- 
dent and  Mrs.  Aspinall  received  the  guests  in  the  large  hall  which 
is  decorated  with  Hungarian  oak  panellings,  surmounted  by  red 
walls  and  enriched  ceilings.  During  the  evening,  music  was  rendered 
here  and  in  the  library  by  the  band  of  the  Royal  Artillery  and  by 
several  fine  vocalists.  A  short  lecture  illustrated  by  lantern  slides 
was  given  by  Dr.  H.  S.  Hele-Shaw,  on  Stream  Line  Experiments 
Illustrating  Aeroplane  Stability.  Refreshments  were  served  in  the 
Marble  Room. 


FRIDAY,  JULY  29 

The  concluding  professional  session  of  the  Joint  Meeting  was  held 
on  Friday,  in  the  Institution  House  of  the  Civil  Engineers,  which  is 
diagonally  opposite  the  headquarters  of  the  Mechanical  Engineers. 
On  account  of  the  fatigue  of  the  previous  day  the  attendance  was 
small,  but  those  who  were  present  were  repaid  by  the  opportunity 
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of  meeting  in  the  dignified  rooms  of  the  Institution  and  of  participat- 
ing in  the  discussion  of  especially  able  papers  on  Electric  Traction. 
The  societies  were  welcomed  by  Mr.  Alexander  Siemens,  Senior  Vice- 
President,  who  expressed  the  Institution's  great  pleasure  in  thus  offer- 
ing to  the  Joint  Meeting  the  use  of  their  theatre.  President  Aspinall 
responded  and  in  expressing  his  thanks  spoke  of  the  improbability 
that  another  such  gathering  would  be  held  in  the  historic  building, 
because  of  the  early  occupation  by  the  Institution  of  their  new  home. 
Dr.  Goss,  on  behalf  of  the  American  members,  spoke  of  the  charm 
such  a  building  had  for  those  from  a  newer  environment  and  of  their 
appreciation  of  being  able  to  gain  some  acquaintance  with  the  In- 
stitution. 

The  following  papers  were  then  read  in  abstract:  Electrification 
of  Suburban  Railways,  by  F.  W.  Carter,  of  Rugby;  The  Cost  of 
Electrically-Propelled  Suburban  Trains,  by  H.  M.  Hobart,  of  Lon- 
don; Economics  of  Railway  Electrification,  William  Bancroft  Potter, 
Mem.Am.Soc.M.E.,  Engineer,  Railway  and  Traction  Department, 
General  Electric  Company,  Schenectady,  N.  Y.,  presented  by  H. 
H.  Barnes,  Jr.,  of  New  York;  The  Electrification  of  Trunk  Lines,  by 
L.  R.  Pomeroy,  Mem.Am.Soc.M.E.,  J.  G.  White,  Co.,  Inc.,  New 
York,  N.  Y.;  The  Electrification  of  Railways,  by  George  Westing- 
house,  President  Am.Soc.M.E.,  Pittsburg,  Pa.,  presented  by  Charles 
F.  Scott,  of  Pittsburg.  These  were  discussed  by  Charles  F.  Scott, 
H.  F.  Parshall,  J.  Dalziel,  Sidney  Stone,  Edgar  Worthington,  H.  M. 
Hobart,  Angus  Sinclair,  J.  G.  Wilson,  F.  R.  Hutton,  F.  W.  Carter, 
H.  H.  Barnes,  Cary  T.  Hutchinson,  and  J.  R.  Williams. 

The  following  resolutions  of  thanks  were  then  put  to  vote  and 
carried  by  acclamation: 

To  Dr.  and  Mrs.  Maw  and  Sir  John  and  Lady  Thornycroft  for  their  kind 
invitations  to  the  members  and  ladies  to  attend  garden  parties. 

To  The  Times  for  the  invitation  to  visit  their  printing  works. 

To  the  Council  of  the  Institution  of  Civil  Engineers  for  so  kindly  placing 
their  lecture  hall  at  the  disposal  of  the  members  for  the  purposes  of  the  London 
meeting. 

To  His  Worship  the  Mayor  of  Windsor,  Councillor  C.  F.  Dyson,  for  cour- 
teously lending  the  Guildhall  for  the  purposes  of  the  luncheon  in  Windsor; 
also  to  His  Worship  and  Mr.  George  Mitchell,  Mr.  Christopher  Sainty 
and  Mr.  George  Willis  for  conducting  the  members  and  ladies  at  Windsor. 

That  the  Secretaries  of  the  Institution  of  Mechanical  Engineers  and  The 
American  Society  of  Mechanical  Engineers  be  severally  instructed  to  transmit 
the  above  resolutions  to  the  various  corporations  and  individuals  who  have 


1746  JOINT   MEETING   IN    ENGLAND 

done  so  much  to  make  the  Joint  Meeting  enjoyable  and  memorable  on  both 
sides  of  the  Atlantic. 

Prof.  F.  R.  Hutton  made  the  concluding  remarks  of  the  session, 
speaking  at  some  length  of  the  enjoyment  of  the  American  members 
of  the  Birmingham  and  London  meetings,  and  offering  the  following 
additional  resolutions: 

The  American  Society  of  Mechanical  Engineers,  present  by  invitation  at  the 
closing  session  of  the  Joint  Summer  Meeting  of  1910  with  the  Institution  of 
Mechanical  Engineers,  asks  permission  to  offer  for  record  the  following  minute 
and  requests  its  Acting  President  to  put  the  resolution  to  vote: 

The  American  Society  of  Mechanical  Engineers  has  been  enveloped  in  an 
atmosphere  of  courteous,  friendly,  and  devoted  attention  from  the  moment 
that  the  vessel  which  carried  the  official  and  organized  party  entered  the  River 
Mersey  at  Liverpool.  Beginning  with  a  reception  on  the  steamer,  at  which 
the  President  and  Secretary  of  the  Institution  officially  welcomed  the  party, 
in  conjunction  with  representatives  of  the  city  and  other  interests  of  that  pro- 
gressive corporation,  and  continuing  through  the  arrangements  for  comfort- 
able and  convenient  transportation  by  train  to  the  place  of  first  meeting;  pro- 
viding on  arrival  for  prompt  and  satisfactory  hotel  accommodation,  and  for 
organizing,  in  a  masterly  way,  which  extended  even  to  the  most  minute  details 
for  the  enjoyment  of  the  visitors  on  excursions,  in  affording  opportunities  to 
visit  works,  for  transportation,  and  for  motor  drives  in  the  historic  Midlands 
of  England,  the  Institution  of  Mechanical  Engineers  has  placed  The  American 
Society  of  Mechanical  Engineers  under  an  obligation  which  no  mere  words 
or  resolutions  are  an  adequate  medium  to  discharge.  The  visitors  can  only 
assure  the  home  Society,  its  President,  its  Council,  its  Secretary  and  its  organ- 
izing committee  that  just  because  they  are  themselves  organizers  and  doers 
they  are  able  most  thoroughly  to  appreciate  such  work  well  done. 

The  American  Society  also  appreciates  most  sincerely  the  generous  purpose 
which  has  spared  no  sacrifice  when  the  desired  object  of  the  hosts  has  had  to 
be  met  by  the  ordinary  commercial  procedure  as  respects  outside  parties. 
Hence  the  Society  moves  and  seconds  the  following  resolutions: 

Resolved,  that  The  American  Society  of  Mechanical  Engineers  desires,  in 
addition  to  the  resolutions  passed  in  Birmingham  thanking  those  who  had  put 
both  bodies  under  a  pleasant  debt  of  obligation,  to  put  on  record  the  follow- 
ing special  resolutions  of  thanks: 

Resolved,  that  The  American  Society  thanks  the  Institution  of  Mechanical 
Engineers,  its  President,  Council,  Secretary  and  Committee  for  their  cease- 
less, unremitting,  and  painstaking  effort  for  the  pleasure  and  success  of  the 
Joint  Meeting  of  1910  in  Birmingham  and  London. 

Resolved,  that  this  Joint  Meeting  will  be  a  memory  of  delight  and  pleasure 
for  all  the  Americans  who  have  been  privileged  to  share  in  it. 

Resolved,  that  The  American  Society  of  Mechanical  Engineers  desires  to 
thank  the  Birmingham  Reception  Committee  for  certain  special  considera- 
tions at  their  hands,  which  were  extended  exclusively  to  the  American  mem- 
bers of  the  Joint  Party,  and  requests  the  Institution  to  be  the  channel  for  con- 
veying such  action  of  thanks. 
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Resolved,  that  The  American  Society  of  Mechanical  Engineers  desires  by 
this  action  to  express  for  the  ladies,  who  have  accompanied  the  members,  some- 
thing of  the  appeciation  of  both  members  and  ladies  for  the  delicate  and  con- 
siderate attention  which  has  made  their  participation  a  delight  and  a  possi- 
bility. The  members  feel  that  international  friendships  springing  from  these 
days  of  close  and  enjoyable  association  are  sure  to  last  forward  into  future 
happy  years. 

Resolved,  that  The  American  Society  of  Mechanical  Engineers  requests 
the  Institution  of  Mechanical  Engineers  to  incorporate  this  minute  and  action 
as  part  of  its  record  of  the  Proceedings  of  the  Joint  Summer  Meeting  of  1910. 

These  were  carried  by  the  rising  vote  cf  all  the  Americans 
present. 

Friday  Afternoon  and  Evening 

Two  very  enjoyable  garden  parties  were  given  on  Friday  after- 
noon, one  at  the  home  of  Dr.  Wilham  H.  Maw,  Esq.,  Past-President 
of  the  Institution,  and  Mrs.  Maw,  at  Addison  Road,  Kensington, 
and  the  other  at  Eyot  Villa,  in  Chiswick  Mall,  the  home  of  Sir  John 
Thorny  croft.  Member  of  the  Council,  and  Lady  Thornycroft,  at  both 
of  which  the  visitors  were  given  a  delightful  glimpse  of  English 
home  life. 

A  number  of  members  also  inspected  the  British  Museum,  and 
the  Times  Office  in  Printing  House  Square  through  which  they 
were  conducted  by  the  Chief  Engineer,  J.  P.  Bland,  Esq.,  Member 
I.Mech.E.  These  offices  stand  on  the  site  of  the  building  from 
which  the  paper  was  first  issued  in  1785. 

An  event  to  which  the  American  members  had  looked  forward 
with  much  delightful  anticipation  was  the  banquet  given  by  the 
Institution  on  Friday  evening  in  the  Connaught  Rooms,  the  largest 
dining  hall  in  the  city  of  London.  After  the  usual  toasts  to  the 
Crown  had  been  given.  President  Aspinall  proposed  The  President 
of  the  United  States,  which  was  acknowledged  by  the  American 
Ambassador,  the  Hon.  Whitelaw  Reid.  Mr.  Reid  said  that  he  re- 
garded this  toast  not  only  as  a  tribute  of  high  regard  for  the  personal 
character  of  the  present  occupant  of  the  Presidential  chair,  but 
also  a  token  of  profound  respect  for  the  whole  country  over  which 
he  ruled,  and  that  he  believed  the  material  conquests  which  had 
created  and  developed  the  great  empire  of  America,  occupying  more 
than  one-quarter  of  the  habitable  surface  of  the  globe  and  comprising 
nearly  one-third  of  its  inhabitants,  were  due  to  no  class  more  largely 
than  to  the  mechanical  engineers  of  the  two  countries  represented 
at  this  gathering. 
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Sir  William  H.  White  in  giving  the  toast,  The  American  Society 
of  Mechanical  Engineers,  recalled  the  fact  that  it  was  founded  but 
30  years  ago  and  yet  had  now  a  membership  of  about  4000.  He 
referred  particularly  to  the  long  years  of  service  for  the  Society  of 
Prof.  F.  R.  Hutton,  who,  he  said,  had  together  with  the  present 
Secretary,  promoted  the  Society's  growth  and  success,  and  that  by 
virtue  of  their  ideals  for  its  welfare  the  American  organization  was 
safe  in  their  hands.  Professor  Hutton  in  responding  said  that  the 
present  gathering  was  the  culmination  of  a  series  of  meetings  of 
mechanical  engineers  on  both  sides  of  the  Atlantic,  and  that  the 
profession  which  they  represented  underlay  the  civilization  of  the 
Anglo-Saxon  race.  The  American  was  much  at  home  in  the  United 
Kingdom  because  he  and  his  host  had  a  common  ideal. 

A  toast  to  Our  English  Guests,  proposed  by  Edward  B.  Ellington, 
Vice-President  of  the  Institution,  was  acknowledged  by  Dr.  R.  T. 
Glazebrook,  Director  of  the  National  Physical  Laboratory;  and  the 
final  toast  of  the  evening,  The  Institution  of  Mechanical  Engineers, 
given  by  Dr.  W.  F.  M.  Goss,  was  answered  by  President  Aspinall. 

Among  the  guests  of  the  evening  were  James  M.  Dodge,  Oberlin 
Smith,  A.  H.  D.  R.  Steel-Maitland,  M.  P.,  Dr.  Worcester,  Mr.  and 
Mrs.  J.  Hartley  Wicksteed,  Mr.  and  Mrs.  F.  W.  Taylor,  Dr.  and  Mrs. 
Wm.  Maw,  Charles  Hawksley,  the  Lord  Mayor  and  Lady  Mayoress 
of  Windsor,  E.  P.  Martin,  Mr.  and  Mrs.  Ambrose  Swasey,  Charles 
Kirchhoff,  J.  L.  Griffiths,  United  States  Vice-Consul,  Mr.  and  Mrs. 
John  R.  Freeman,  Sir  Gerard  and  Lady  Muntz,  Henry  Lea,  C.  F. 
Scott,  Mr.  and  Mrs.  Jesse  M.  Smith,  Mr.  and  Mrs.  James  Hartness, 
Mr.  and  Mrs.  Wm.  H.  Wiley,  Calvin  W.  Rice,  Mr.  and  Mrs.  Willis 
E.  Hall,  Mr.  and  Mrs.  Henry  L.  Gantt  and  Dr.  Hele-Shaw.  Music 
was  furnished  during  the  evening  by  the  Imperial  Orchestra. 

SATURDAY,  JULY  30 

All-day  excursions  to  Windsor  and  Marlow  occupied  Saturday, 
half  of  the  party  leaving  London  by  special  train  for  Windsor  and 
proceeding  by  the  special  steam  launches.  Empress  of  India  and 
Majestic,  to  Marlow,  and  the  other  half  going  by  train  to  Marlow 
and  thence  to  Windsor  by  the  launches.  His  Majesty  and  Princess 
Beatrice,  the  two  groups  passing  each  other  on  the  river.  A  view  of 
the  two  parties  is  givan  herewith.  In  one  case  luncheon  was  served 
in  Windsor  at  the  Guildhall,  with  tea  at  the  Compleat  Angler  and 
George  and  Dragon  Hotels  in  Marlow,  a  picturesque  fishing  resort ; 
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while  in  the  other  the  party  had  luncheon  on  the  launches  and  tea 
in  the  Guildhall.  The  trips  on  the  launches  were  most  enjoyable 
and  gave  a  complete  idea  of  life  on  the  Thames,  including  the 
famous  Henley  regatta,  then  in  progress.  At  Windsor,  the  Lord 
Mayor,  Councillor  C.  F.  Dyson,  Alderman  George  Mitchell,  Mem. 
I.Mech.E.,  Christopher  Sainty,  Mem.I.Mech.E.,  and  George  Willis, 
Assoc.  Mem.I.Mech.E.,  personally  conducted  the  party  about  this 
favorite  residence  of  the  English  monarchs. 

On  Saturday  evening  Sir  William  H.  White,  Past-President  of  the 
Institution  and  an  Honorary  Member  of  the  Society,  together  with 
Lady  White  entertained  the  Councils  of  the  Institution  and  the 
Society  at  dinner  in  the  Garden  Club,  which  overlooks  the  grounds 
of  the  Japan-British  Exposition  at  Shepherd's  Bush.  The  pictur- 
esque Japanese  Gardens,  with  their  flavor  of  old-world  romance,  and 
the  fine  exhibits  of  ancient  and  feudal  Japan,  contrast  strongly  with 
the  wonderful  modern  enterprise  of  both  nations,  and  make  the  spot 
vastly  interesting.  Many  Americans  took  advantage  of  the  oppor- 
tunity to  see  this  Exhibition,  assembling  later  in  the  room  which 
had  been  especially  set  aside  for  the  purpose  by  those  in  charge. 

SUNDAY,  JULY  31 

Interest  has  long  been  manifested  by  the  Society  in  the  Sir  Benja- 
min Baker  Memorial  Window  in  Westminster  Abbey,  which  was 
unveiled  on  Dec.  3,  1909,  and  it  was  a  pleasure  to  have  an  oppor- 
tunity on  Sunday  evening  of  viewing  it.  The  window,  which 
is  situated  on  the  north  side  of  the  Nave,  contains  two  lights 
having  the  figures  of  King  Edward  III  and  Abbot  Simon  Langham, 
under  canopies,  both  lights  being  framed  with  borders  containing 
niches  which  hold  twelve  statuettes  and  as  many  shields.  Below 
these  is  the  inscription  on  tablets  held  by  the  figures  of  angels:    in 

MEMORY    OF    SIR    BENJAMIN  BAKER,  CIVIL  ENGINEER,   FORTH  BRIDGE, 

ASSUAN  DAM.  B.  1840.  D.  1907.  The  members  assembled  in  the 
Dean's  Yard  and  were  conducted  through  the  Abbey  with  its  many 
famous  spots  by  the  Sub-Dean,  the  Very  Reverend  Dr.  Duckworth. 
At  the  Vesper  Service  in  the  Nave,  at  seven  o'clock,  seats  had 
been  assigned  to  the  representatives  of  the  two  societies  and  in  his 
sermon  the  Bishop  of  Lewes  gave  a  special  greeting  to  the  American 
visitors,  of  which  250  were  present. 

Taking  his  text  from  I  Cor.  xxii.  5,  "There  are  differences  of  admin- 
istration, but  the  same  Lord,"  the  Bishop  declared  this  to  be  the 
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exact  opposite  of  the  theory  that  everybody  ought  to  be  alike.  Each 
had  his  special  place  and  value,  which  were  appraised  differently 
by  men  but  not  by  God.  There  were  also  differences  of  method, 
and  not  all  seemed  unsuccessful.  Here  amidst  the  memorials  of  the 
mighty  dead  we  were  never  allowed  to  forget  for  one  moment  the 
vast  range  of  God's  workings  in  the  life  of  men.  Men  great  in  war 
and  great  in  peace,  men  far  from  perfect,  each  humanly  weak,  were 
here,  but  here  because  of  the  power  of  ministration  that  was  in  them. 
Differing  widely  in  gift,  method,  opportunity,  they  were  united  in 
being  searchers  after  the  truth,  interpreter's  of  God's  plans  and  pur- 
poses for  man,  men  who  tried  to  serve  their  generation  by  the  will 
of  God.  Sir  Benjamin  Baker  was  such  a  worker  in  the  field  of  engi- 
neering service.  The  builder  of  Forth  Bridge  hardly  needed  any 
further  remembrance,  but  as  a  man  of  noble  character,  as  well  as  a 
scientific  genius,  he  belonged  among  those  who  shared  his  talents 
and  his  strenuous  life  to  interpret  God's  plans  to  men. 

This  service  was  regarded  as  the  benediction  of  the  Joint  Meeting 
in  England,  which  could  not  have  been  more  appropriately  ended. 

On  Monday  evening,  on  the  eve  of  departure  on  their  second 
world  tour,  Ambrose  Swasey,  to  whose  forethought,  wonderful  tact 
and  administrative  ability  it  is  not  too  much  to  say  that  a  great 
part  of  the  success  of  the  Society's  trip  to  England  is  due,  together 
with  Mrs.  Swasey  gave  a  dinner  to  the  members  of  the  Council  of 
the  American  Society  in  the  Hotel  Russell,  London.  Leave  takings 
were  general  on  every  side,  some  of  the  party  going  on  to  the  Conti- 
nent and  others  returning  at  once  to  America. 

Among  the  kindly  messages  received  during  the  Joint  Meeting 
was  the  following  telegram  from  the  Junior  Institution:  "President 
Sir  Henry  Oram  and  Council  Junior  Institution  Engineers  desire 
join  expressions  welcome  American  Society  Mechanical  Engineers  on 
visit  Great  Britain."  Every  member  also  received  from  the  Presi- 
dent of  the  Institution  of  Mechanical  Engineers  a  very  handsome 
brochure,  containing  portraits  of  the  Presidents  of  the  two  organi- 
zations represented  at  the  Joint  Meeting,  and  brief  biographical 
sketches  of  George  Stephenson,  Matthew  Boulton,  James  Watt, 
Richard  Trevithick,  Robert  Fulton,  and  William  Symington,  pro- 
fusely illustrated  with  portraits  and  with  quaint  designs  reproduced 
from  Stuart's  Anecdotes  of  Steam  Engines,  published  in  1829. 

Such  an  account  as  is  here  presented  can  give  but  a  glimpse  of  the 
visit  to  England,  remarkable  for  its  comfort  and  sociability  and  for 
the  vast  entertainment  provided  by  the  English  Society,  presenting 
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as  it  did  a  happy  comlnnation  of  the  technical  and  social  features 
which  were  all  blended  together  in  the  increased  mutual  regard,  as 
removed  from  rivalry,  of  these  two  great  national  organizations. 
As  no  American  can  find  himself  a  stranger  in  this  land  of  his  fore- 
fathers and  his  traditions,  so  no  member  of  a  professional  organiza- 
tion on  this  side  of  the  water  can  come  in  contact  with  those  of  a 
similar  vocation  in  England  without  experiencing  a  sense  of  common 
ideals  and  common  aims.  Of  the  wonderful  hospitality  accorded  by 
the  English  Institution  too  much  cannot  be  said;  nor  can  thanks 
ever  express  to  the  British  members  the  gratitude  and  pleasure  of 
their  American  guests.  Not  the  slightest  detail  seems  to  have  been 
omitted,  the  machinery  of  the  entire  gathering  moving  so  perfectly 
as  to  be  practically  invisible.  The  finely  prepared  program,  with 
its  maps  covering  every  inch  of  the  ground  to  be  traveled  during  the 
meeting,  was  an  illustration  of  this  wonderful  attention  to  detail, 
including  information,  in  addition  to  fullest  data  of  meetings  and 
trips,  which  met  every  possible  want  of  the  traveler,  from  res- 
taurant locations  and  cab  fares  to  the  dates  of  departure  of  steam- 
ships carrying  mails.  The  many  welcoming  hands  held  out  on 
every  side  made  the  meeting  a  homecoming  rather  than  a  visit, 
to  be  looked  back  upon  by  all  as  a  red-letter  season  in  the  life  of  the 
Society.  The  greeting  of  the  English  engineers  when  they  shall 
next  come  to  American  shores,  in  a  way  worthy  of  their  own  wel- 
come, is  already  joyfully  anticipated  by  our  members. 
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Lichfield  Cathedral  from  ^Iin«ter  Pool,  showixc;  the  Three    Spires- 
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Stratford-upox-Avon 

The  Shakespeare  Memorial   Buikling  appears  at  the  right  and  the  Church 
containing  the  Tombs  of  Shakespeare  and  Anne  Hathaway  at  the  left. 


Warwick    Castle    on    the    River    Avon 
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Shakespeare's  House,    Stratford-upon-Avon 


Anne  Hathaway's  Cottage,  Stratford-upon-Avon 
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Lichfield  Cathedral,  Showing  the  West  Door,  Its  Main  Entrance 
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Windsor  Castle  from  the  Thames 
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Me.    George   Tangye,   Esq. 
Who  Presented  to  the  Society  the  Watt  Letter 
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Right  Hon.   Joseph  Chambeklaix 

Former  Chancellor  of  the  Uxiversitv  of  Birmingham,   Who  Started 
THE  ^Movement  for  its  Establishment 
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Principal  of  the  University  of  Birmingham 
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THE  TRANSMISSION  OF  HEAT  IN  SURFACE 
CONDENSATION^ 

By  George  A.  Orrok,  New  York 
Member  of  the  Society 

Ever  since  the  first  use  of  steam  in  the  arts,  the  condenser  has  been 
a  very  important  part  of  the  machinery  designed  for  its  utilization 
and  the  very  simple  laws  governing  condensation  by  mixture  were 
early  understood  and  formulated.  With  the  advent  of  the  surface 
condenser  the  problem  became  more  complicated  and  the  laws 
governing  the  transmission  of  heat  through  tubes  or  plates  from  wet 
vapor  or  condensing  steam  to  water  have  been  investigated  by  many 
physicists  from  Poisson  in  1835,  Peclet  in  1841  and  Joule  in  1861 
down  to  the  present  time.  The  earliest  statement  of  the  law  of  heat 
transmission  in  solids  was  made  by  Newton  in  1690,  while  most  of 
the  mathematical  work  has  been  based  on  Fourier's  classic  pub- 
lished in  1882.  Most  of  the  earlier  experimenters  were  misled  by 
defects  in  their  apparatus  but  by  1870  the  existence  of  the  gas  film 
on  the  steam  side  of  the  tubes  was  suspected.  The  existence  of  the 
water  film  was  suspected  as  early  as  1861.  Sir  William  Thomson 
stated  in  1880  that  the  work  of  the  earher  investigators  was  vitiated 
by  the  assumption  that  the  temperature  of  the  metallic  surfaces  was 
the  same  as  the  temperature  of  the  medium  in  contact  with  them. 

2  Since  1880  there  have  been  attempts  to  ascertain  the  laws  of 
heat  transmission  for  condenser  practice  by  many  investigators: 
Werner  and  Hagemann  in  1883,  Ser  in  1887,  Richter  in  1899  and  Hep- 
burn in  1901.  The  later  experimenters  have  worked  with  actual 
machinery  along  what  might  be  termed  commercial  lines. 

3  The  present  status  of  the  transmission  of  heat  through  metallic 
tubes  from  condensing  steam  to  water  according  to  various  authori- 
ties may  be  stated  as  follows: 

1  For  list  of  Symbols  used  see  Appendix  No.  1 
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a  The  quantity  of  heat  transmitted  by  a  unit  of  surface  in 
unit  time  is  proportional  to  the  temperature  difference 
(Joule,  Rankine  and  most  of  the  experimenters)  or  to  the 
square  of  the  temperature  difference  (Werner,  Grashof 
and  Weiss)  between  the  media  on  the  different  sides  of 
of  the  tube. 


4  5  C 

Water  velocity-  ft.  pci 


1 — Josse — top  of  condenser 

2 — Josse — top  of  condenser  (with  bafHes) 

3 — Rlchter — corr.  copper  tubes  (horlz.) 

4— Hepburn— corr.  copper  tubes  (horlz.) 

5 — Josse 

6 — Hepburn — plain  copper  tubes  (horlz.) 

7-Ser 

8 — Weighton — plain  tubes 


10—  U  =  22\/Vg    i/o.023+  F^    (7g  =  625! 

11— Hagemann 

12-  U  =  17  ,/F-g  1^0.023  VV^  (7    =  625) 

13 — Nicol — horizontal  tubes 

14— Stanton— water  flowing  down 

IS^Stanton — water  flowing  up 

16— Allen— horizontal  tubes 

17— Joule 

18 — Nicol — vertical  tubes 


Fig.  1    Variation    of    Heat    Transmission    with    Water    Velocity 


b  The  quantity  of  heat  transmitted  is  proportional  to  some 
power  of  the  water  velocity  (7^  by  Joule  and  Ser,  vl  by 
Hagemann  and  Josse,  V^  by  Stanton). 
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c  The  quantity  of  heat  transmitted  is  proportional  to  some 
power  of  the  steam  velocity  or  mass  flow  (Fg  by  Haus- 
brand  and  Ser,  mass  flow  by  Jordan). 

d  The  quantity  of  heat  transmitted  is  greatly  affected  by 
the  amount  of  non-condensible  vapors  on  the  steam  side 
of  the  tube  (Bourne,  Smith,Weighton,  Morrison,  McBride) . 

4  These  differences  of  opinion  did  not  trouble  designers  seriously 
as  long  as  small  condensers  and  vacuums  of  over  two  pounds  abso- 
lute were  the  rule,  but  with  the  development  of  the  turbine  the  need 
arose  for  condensers  capable  of  condensing  more  than  200,000  pounds 
of  water  per  hour  at  an  absolute  pressure  of  less  than  one  pound. 
At  first,  excessive  amounts  of  surface  were  installed  but  the  first  cost 
and  upkeep  led  to  more  careful  design  and  the  demand  for  a  more 
accurate  knowledge  of  the  laws  of  heat  transmission  under  condenser 
conditions. 

5  A  careful  study  of  the  results  of  all  the  experiments  available 
was  made  and  plotted  in  Fig.  1.  These  curves  show  wide  variation 
of  values,  but  for  a  time  the  attempt  was  made  to  work  from  an 
average  curve  deduced  by  giving  weights  to  the  various  experiments 
depending  on  the  number  of  individual  figures  and  their  consistency. 
This  average  curve  was  used  in  the  design  of  a  number  of  large 
installations  with  excellent  results. 

6  The  need  for  a  careful  determination  of  the  whole  question  still 
existed  and  through  the  liberahty  of  the  management  of  The  New 
York  Edison  Company  the  author  was  enabled  to  develop  the  ap- 
paratus and  make  the  experiments  described  below,  the  results  of 
which  confirm  and  complete  much  of  the  work  of  earlier  experiment- 
ers. It  is  hoped  that  they  will  aid  condenser  designers  in  producing 
apparatus  better  suited  to  the  work,  more  satisfactory  and  more 
economical  than  ever  before. 

METHODS   AND   APPARATUS 

7  The  object  in  making  these  tests  was  to  determine  the  heat 
transfer  through  various  kinds  of  condenser  tubes  and  the  laws 
governing  its  variation  under  different  conditions  of  steam  tempera- 
ture, pressure  and  velocity;  velocity  of  circulating  water;  and  mean 
temperature  difference. 

8  In  order  to  obtain  these  data,  a  small  surface  condenser  was  con- 
structed with  a  relatively  small  cooling  surface  and  it  was  operated 
under  conditions  as  nearly  like  actual  condenser  conditions  as  possible. 
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The  steam  inlet,  dry  vacuum,  and  circulating  water  lines  were  so 
arranged  and  controlled  that  any  desired  vacuum,  any  desired  velocity 
of  circulating  water  and  any  desired  mean  temperature  difference 
could  be  maintained  and  that  any  one  of  these  conditions  could  be 
varied  through  a  considerable  range  quite  independent  of  the  other 
two.  A  hot  well  was  constructed  and  so  connected  to  the  condenser 
that  the  temperature  of  the  hot-well  water  (condensed  steam)  and 
its  amount  could  be  determined.  Thermometers,  pressure  gages 
and  a  water  meter  were  installed  and  a  record  was  made  of  all  desired 
data. 

9  In  order  to  fulfill  these  requirements,  it  was  found  necessary 
to  make  numerous  changes  in  the  apparatus  as  first  constructed, 
which  is  shown  in  Fig.  2.  It  consisted  of  a  condenser  made  of 
5-in.  extra-heavy  wrought-steel  pipe,  with  cast-iron  screwed  flanges 
on  each  end.  To  these  were  bolted  cast-iron  blank  flanges,  drilled 
and  tapped  for  the  various  steam,  water  and  vacuum  connections. 
The  condenser  was  of  such  a  length  that  exactly  1  sq.  ft.  of  cooling 
surface  on  a  1-in.  outside  diameter  condenser  tube  was  included 
between  the  inside  faces  of  its  end  flanges.  A  condenser  tube  was 
passed  through  the  center  of  the  condenser  and  projected  about  4 
in.  on  each  end  through  small  stuffing  boxes.  These  stuffing  boxes, 
Ci  and  C2,  are  shown  in  detail  in  Fig.  4.  A  thermometer  well  and  a 
vacuum  gage  connection  were  installed  for  recording  the  steam 
temperature  and  pressure.  A  hot  well  made  of  5-in.  wrought-iron 
pipe  with  a  screwed  and  a  blank  flange  on  each  end  was  connected 
to  the  condenser  as  shown.  On  the  front  of  the  hot  well,  a  gage 
glass  and  a  graduated  scale  were  placed  so  that  the  height  of  the 
water  could  be  observed  and  recorded,  making  it  possible  to  calcu- 
late the  weight  of  steam  condensed  for  any  given  length  of  time. 
The  valve  G  was  used  to  empty  the  hot  well  at  the  end  of  a  test.  A 
thermometer  was  installed  at  H  for  observing  the  temperature  of 
the  condensed  steam,  the  piping  being  so  arranged  that  there  was 
always  a  solid  body  of  water  surrounding  the  thermometer  well.  A 
^-in.  line  connected  the  top  of  the  hot  well  to  the  vacuum  line  to 
equalize  the  pressures.  The  entire  condenser  and  f-in.  line  to  the 
hot  well  were  covered  with  4  in.  of  magnesia  pipe  covering  to  elimi- 
nate the  effect  of  radiation. 

10  The  1-in.  circulating  water  line  was  taken  from  a  6-in.  salt- 
water fire  line  in  which  was  maintained  a  pressure  of  90  lb.  gage. 
This  1-in.  line  was  connected  to  the  condenser  tube  at  each  end  by  a 
piece  of  rubber  hose  which  was  wired  at  the  ends  to  withstand  a  pres- 
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sure  of  about  20  lb.  gage.  Thermometer  wells  and  thermometers 
were  installed  for  observing  the  temperature  of  the  circulating  water 
at  the  inlet  and  the  outlet  of  the  condenser.  The  method  of  install- 
ing these  thermometer  wells  is  shown  in  detail  in  Fig.  4,     A  water 
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meter  was  installed  to  register  the  amount  of  water  flowing.    The 
valve  P  was  used  to  regulate  the  rate  of  flow. 

11     The  1-in,  steam  pipe  was  taken  from  the  bottom  of  a  12-in. 
exhaust  main  which  carried  the  exhaust  steam  from  various  auxiliary 
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engines  to  an  open  feed-water  heater.  The  pressure  in  this  line  was 
about  2  lb.  gage.  The  valve  R  was  used  to  regulate  the  amount  of 
steam  admitted  to  the  condenser. 

12  The  ^-in.  dry  vacuum  line  was  connected  to  the  hot  well  of 
a  large  surface  condenser  which  was  operated  at  a  vacuum  of  from 
27.0  in.  to  28.5  in.  of  mercury,  or  about  1  in.  absolute  pressure.  All 
flanged  joints  were  made  up  with  |-in.  rubber  gaskets  and  all  screwed 
joints  with  a  heavy  coating  of  red  lead  on  the  threads.  One  of  the 
greatest  difficulties  encountered  when  running  tests  at  a  high  vacuum 
was  the  prevention  of  air  leakage.  This  difficulty  was  overcome  to 
a  great  extent  by  a  frequent  and  liberal  application  of  a  special  heavy 
asphaltic  paint  to  all  joints.  It  was  found  possible  to  hold  a  vacuum 
within  0.5  in.  of  mercury  of  that  in  the  large  condenser  when  all 
valves  were  closed,  except  valve  >S  in  the  vacuum  fine.  With  S 
closed,  this  vacuum  would  only  drop  from  27  in.  to  26  in.  in  a 
period  of  5  min. 

13  Ah  thermometers  used  in  these  tests  were  of  the  best  make 
and  could  be  read  with  accuracy  to  0.1  deg.  fahr.  The  water  meter 
used  was  tested  at  various  times  and  its  error  determined  for  all  rates 
of  flow.  All  heat  transfer  tests  were  extended  over  a  period  of  10 
minutes  after  conditions  had  become  constant  and  readings  of  tem- 
peratures and  pressures  were  taken  every  3  minutes. 

14  A  series  of  tests  were  made  on  various  kinds  of  tubes  at  dif- 
ferent vacua,  but  it  was  found  that  the  heat  transfers  calculated  from 
these  tests  had  a  maximum  variation  of  20  per  cent  for  the  same 
tube  under  exactly  the  same  conditions  as  to  steam  temperature  and 
pressure,  mean  temperature  difference  and  velocity  of  circulating 
water.  In  these  tests  the  vacuum  was  varied  by  regulating  the 
steam  admitted  through  the  valve  R,  the  vacuum  line  being  kept 
wide  open.  It  was  found  that  to  maintain  a  higher  vacuum  than  24 
or  25  in.  of  mercury  the  steam  valve  R  could  be  opened  only  a  very 
small  amount  and  that  the  steam  entering  the  condenser  was  super- 
heated as  much  as  50  cleg.  fahr.  Another  difficulty  encountered  was 
that  at  low  vacuum,  when  the  valve  R  was  almost  wide  open,  the 
heat  transfer  figured  from  the  amount  of  steam  condensed  as  meas- 
ured in  the  hot  well  was  considerably  higher  than  that  figured  from 
the  heat  absorbed  by  the  circulating  water.  This  showed  that  the 
steam  admitted  must  have  contained  considerable  moisture.  It  was 
also  found  very  difficult  to  maintain  the  rate  of  flow  of  the  circulating 
water  constant,  due  to  the  variation  in  pressure  in  the  fire  line  from 
which  it  was  taken.     To  overcome  these  difficulties,  a  number  of 
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changes  were  made  in  the  piping.  A  separator  was  installed  in  the 
steam  line  and  the  line  was  taken  from  the  top  of  the  12-in.  exhaust 
main  instead  of  from  the  bottom.  To  aid  in  controlling  the  rate  of 
flow  of  the  circulating  water,  a  pressure  gage  was  installed  in  the  line, 
and  to  maintain  a  constant  rate  of  flow  it  was  necessary  only  to  keep 
this  pressure  gage  indicating  a  steady  pressure  by  regulating  inlet 
valve  P.  In  order  to  make  it  possible  to  maintain  a  high  vacuum 
in  the  condenser  without  undue  throtthng  of  the  steam,  the  dry 
vacuum  line  was  increased  in  size  to  a  1-in.  pipe. 

15  Another  series  of  tests  was  then  made  and  it  was  found  that 
the  moisture  in  the  steam  at  low  vacua  was  practically  eliminated. 
It  was  also  possible  to  maintain  a  high  vacuum,  although  there  still 
seemed  to  be  a  more  or  less  uncontrollable  degree  of  superheat  and 
the  heat  transfers  for  these  high  vacua  tests  were  considerably 
lower  than  those  at  the  lower  vacua.  A  water  jacket  was  now  placed 
on  the  steam  line  with  a  |-in.  water  connection  from  the  circulating 
water  line.  This  arrangement  seemed  to  have  but  slight  effect, 
however,  and  there  was  still  found  to  be  a  considerable  variation  in 
heat  transfer  when  an  attempt  was  made  to  duplicate  tests. 

16  It  was  decided  that  the  difficulty  must  lie  with  one  of  the 
following  things: 

a  The  quality  of  the  steam  as  to  amount  of  superheat,  moisture, 

or  entrained  air  and  oil. 
h  The  circulation  or  velocity  of  the  steam, 
c  Air  leakage. 
d  Cleanliness  of  the  tubes. 

17  To  take  care  of  the  first  item,  it  was  decided  to  build  a  small 
independent  boiler  and  generate  steam  as  it  was  needed  bymeansof  a 
high-pressure  steam  coil.  The  boiler  was  constructed  of  two  14-in. 
flanged  tees  bolted  together,  with  blank  f  anges  bolted  on  the  ends. 
It  was  connected  to  the  condenser  by  a  5-in.  pipe,  the  condenser 
being  reduced  in  length  and  a  5-in.  flanged  tee  bolted  on  one  end, 
making  the  total  face-to-face  dimension  the  same  as  before.  A 
steam  coil,  consisting  of  approximately  22  ft.  of  f-in.  wrought-steel 
pipe,  was  placed  in  the  boiler  in  such  a  way  that  it  was  entirely  below 
the  water  level  and  still  left  a  sufficient  disengaging  surface  for  the 
steam.  Steam  was  supplied  to  this  coil  from  a  high-pressure  steam 
main  through  a  1-in.  pipe.  Make-up  water  for  the  boiler  was  taken 
from  a  Croton  water  line  through  a  ^-in.  pipe.  The  bottom  of  the 
hot  well  was  also  connected  to  the  boiler  by  a  f-in.  line  containing 
a  gate  and  a  check  valve  so  that  the  condensed  steam  could  be  returned 
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directly  by  gravity  to  the  boiler.  This  arrangement  obviated  the 
necessity  of  breaking  the  vacuum  and  emptying  the  hot  well  after 
each  test.  A  gage  glass  and  a  thermometer  were  installed,  the 
whole  apparatus  being  shown  in  Fig.  5. 

18  To  take  care  of  the  second  item,  the  vacuum  line  was  increased 
to  2  in.  A  ^-in.  connection  for  a  vacuum  gage  was  installed  at  E 
and  a  f-in.  valve  opening  to  atmosphere  at  F.  With  this  arrange- 
ment, for  any  desired  opening  of  the  valve  S,  a  constant  velocity  of 
steam  through  the  condenser  could  be  maintained  by  regulating 
the  air  valve  F  and  the  valve  K,  so  that  the  steam  passing  through 
the  valve  S  had  a  constant  drop  in  pressure.  This  drop,  due  to 
velocity  of  the  steam,  was  considered  to  be  the  difference  in  pressure 
as  read  at  E  and  D. 

19  The  subject  of  air  leakage  was  investigated  by  closing  all 
valves  except  S  and  K  in  the  vacuum  line,  when  it  was  found  possible 
to  hold  a  vacuum  in  the  condenser  practically  equal  to  that  in  the 
large  condenser.  The  valve  S  was  then  closed  and  observations 
were  taken  as  to  the  rate  of  fall  of  the  vacuum  in  the  apparatus. 
It  was  found  that  the  vacuum  would  only  drop  from  28  in.  to  27  in. 
of  mercury  in  15  min.  These  air-leakage  observations  were  taken 
before  every  series  of  tests. 

20  In  order  that  the  condition  of  the  tubes  as  to  cleanliness 
should  not  affect  the  heat  temperature,  all  tubes  used  for  testing  were 
thoroughly  cleaned  every  10  or  12  tests.  A  series  of  tests  made  with 
this  remodeled  apparatus  under  constant  conditions  were  found  to 
have  a  maximum  variation  of  not  over  10  per  cent  and  an  average 
variation  of  3  or  4  per  cent.  In  these  tests,  the  vacuum  was  varied 
by  regulating  the  amount  of  steam  admitted  to  the  steam  coil  through 
the  valve  T. 

21  Tests  were  run  at  vacua  of  7,  15,  20,  25  and  27  in.  of  mercury, 
with  circulating  water  at  a  temperature  of  about  40  deg.  fahr.  and  a 
velocity  of  8.6  ft.  per  sec.  on  the  following  kinds  of  tubes  (tests  280 
to  528  inclusive) : 

1  Admiralty  8  Monel 

2  Admiralty,  oxidized  9  Copper 

3  Admiralty,  vulcanized  inside  only  10  Copper,  aluminum  lined 

4  Admiralty,     vulcanized     outside  11  Aluminum  bronze 

only  12  Zinc 

5  Admiralty,  vulcanized  both  sides  13  Tin 

6  Admiralty,  lead  lined  14  Cupro-nickel 

7  Admiralty,   old   tube   from    con-  1.5  Shelby  steel 

denser  16  Glass 
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The  tests  with  the  glass  tube  were  difficult  to  make  on  account  of 
the  thinness  and  fragility  of  the  tube  and  the  tube  was  broken  before 
all  the  desired  tests  were  completed.  In  all  these  tests,  it  was  found 
that  the  temperature  of  the  steam  was  constant  throughout  the 
apparatus. 

22     A  series  of  tests  was  made  on  an  Admiralty  tube  with  a  range 
in  velocity  of  circulating  water  of  from   1   to   11  ft.  per  sec.  and  a 


Fig.  56    Apparatus  as  Actually  Used 


vacuum  of  15  and  27  in.  of  mercury.  In  these  tests  the  velocity 
of  the  circulating  water  was  varied  by  regulating  the  valves  at  P 
and  V,  the  pressure  in  the  condenser  tube  being  always  kept  above 
10  lb.  gage.  All  the  above  tests  were  made  without  changing  the 
temperature  of  the  circulating  water,  which  was  about  40  deg.  fahr. 
(tests  529  to  622  inclusive). 
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23  To  vary  this  temperature,  a  |-in.  line  was  installed  connecting 
the  high-pressure  steam  line  to  the  circulating  water  line  as  shown  in 
Fig.  5.  With  this  arrangement,  it  was  possible  to  vary  the  tempera- 
ture of  the  circulating  water  from  40  to  110  deg.  fahr.,  thus  varying 
the  mean  temperature  difference  without  altering  the  other  test  con- 
ditions, and  a  series  of  tests  was  made  on  an  Admiralty  tube  to  deter- 
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mine  the  variation  of  heat  transfer  with  changes  df  mean  temperature 
difference  (tests  623  to  727  inclusive). 

24  Finally,  a  series  of  tests  was  made  on  all  the  various  kinds  of 
tubes  with  circulating  water  at  a  temperature  of  85  deg.  fahr.  and 
velocity  of  8.7  ft.  per  sec.  and  a  vacuum  of  27  in.  of  mercury  (tests 
728  to  771  inclusive). 
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VARIATION    OF    HEAT    TRANSFER    WITH      TEMPERATURE    DIFFERENCE 

25     After  the  apparatus  had  been  working  some  time  and  had 
been  giving  consistent  results,  a  set  of  approximately  100  tests  (623 
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Fig.  6    Relation  of  Coefficient  of  Heat  Transfer  to  Temperature 
Difference 

to  727)  was  run  to  determine  the  possible  variation  of  the  heat 
transmission  with  the  mean  temperature  difference.  The  quanti- 
ties of  cooling  water  were  so  large  that  the  temperature  rise  (fi  —  ^o) 
was  always  small  and  it  was  considered  that  the  arithmetical  mean 
of  the  water  temperatures  and  the  steam  temperature  might  be 
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used  without  appreciable  error  in  the  calculation  of  the  heat  transfer. 
These  tests  were  run  at  four  different  velocities,  approximately  2, 
4,  6,  and  8  ft.  per  sec,  the  results  were  plotted  on  logarithmic  paper 
and  a  smooth  curve  drawn  through  each  set  of  plotted  points.  These 
curves  were  practically  straight  lines,  as  shown  in  Fig.  6,  with  a 
slope  of  about  0.125. 

C 
26     The  relation  may  then  be  stated,  U  =    ^,.     Working  from 

this,  an  expression  may  be  obtained  for  the  relation  between  the 
condensing  surface  or  length  of  tube  S  and  the  temperature  rise  of 
the  condensing  water  (^i  —  ^o) 

S=  C[{t,-to)^~it,-h)^] 

and  the  true  mean  temperature  difference  is 

e    =\        ^  (f^  -  ^0^         Y 

"      L(/s-^o)^-  (/s-^i^M 

an  expression  which,  in  all  practical  cases,  differs  very  slightly  in  nu- 
merical value  from  the  geometrical  mean 

(ti  -  to) 


logo^^— ^ 
ts-h 


27    The  general  expression  connecting  U  and  d  is  then  U  =     n, 

u 

where  n  may  have  any  positive  or  negative  value  excluding  0,     The 
general  expression  connecting  S  and   (^i  — ^o)   will  be 


s  =  ^- 


it,  -  /o^"  -  {t,  -  UY 


n 
and  the  true  mean  temperature  difference  is 

a         r  n(ti  -  to) 


I  (/s  -  ^o)'^  -  {ts  -  hy 

For  the  case  where  n  =  0  or  U  =  K,  a.  constant, 

5=Cl0ge^ 


1786         TRANSMISSION    OF   HEAT   IN   SURFACE    CONDENSATION 

and 

li  —  to 


loge 


t^-to 

ts-k 


TABLE  1    VALUES  OF  U,  S  AND  d  FOR  VARIOUS  ASSUMED  VALUES  OF  N 

S  =  cooling  surface  in  sq.  ft. 

N  =  Ud  =  total  heat  transfer  per  sq.  ft.  per  hr.  in  B.t.u. 
U  =  heat  transfer  per  sq.  ft.  per  hr.  per  deg.  m.t.d. 
6m  =  m.t.d.  =  mean  temperature  difference 
Q  =  circulating  water  per  hr.  in  lb. 
K  =  a  constant  determined  by  experiment 
ta  =  temperature  of  steam 
tg  =  temperature  of  circulating  water  at  inlet 
ti  =  temperature  of  circulating  water  at  outlet 
t  =  any  temperature  between  f,,  and  t^ 


N  =  K^ 


K 


U  =  K9 


U=^ 


U=  Zi 


S  =  |[Os-'o)-(*s-0 


S=  -  Log    

U         ^    L-t 


Log- 


l/('s-'o)('s-0 


^=l.[('s-O"-('s-0 


In  Table  1  these  values  for  U,  S,  ^m  and  N  (the  total  quantity  of 
heat  transferred)  are  tabulated  and  the  curves  of  temperature  rise 
and  values  of  6^  are  plotted  in  Fig.  7  for  certain  steam  and  water 
temperatures. 

28  Only  two  investigators,  so  far  as  I  have  been  able  to  determine, 
have  attempted  experimentally  to  venfy  the  law  of  the  rise  of  tempera- 
ture of  condensing  water  in  its  passage  through  the  condensing  tube. 
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J.  Alex.  Smith!  experimented  with  a  tube  6  ft.  long,  and  Professor 
Josse-  used  a  surface  condenser  approximately  86  sq.  m.  of  surface. 
Neither  experimenter  gives  his  actual  numbers  but  shows  his 
results  in  a  curve.  Smith  gives  a  second  curve  showing  the  devia- 
tion of  his  experimental  numbers  from  the  geometrical  series  which 
best  represents  his  results.  These  curves  are  shown  in  Fig.  8  and 
the  variation  from  the  geometrical  curve  may  be  clearly  seen.  It 
is  unfortunate  that  further  accurate  experiments  have  not  been 
made  on  this  particular  phase  of  the  subject,  but  none  of  these  results 
are  inconsistent  with  the  conclusions  arrived  at  from  the  author's 
experiments.  In  fact,  the  variations  between  the  geometrical 
curve  found  by  Josse  and  Smith  and  the  writer's  experiments  are 
smaller  than  the  variations  of  the  actual  points  and  the  theoretical 
points  plotted  in  Fig.  8. 


VARIATION    OF   HEAT   TRANSFER   WITH   VELOCITY   OF   WATER 

29  A  series  of  practicallj'  100  tests  was  run  to  determine  the 
vacation  of  heat  transferred  ^o  the  velocity  of  the  circulating  water 
(tests  529  to  622  inclusive).  These  tests  were  run  at  various  ve- 
locities from  1  to  11  ft.  per  sec.  and  the  results  are  plotted  in  Fig.  9. 
These  tests  were  run  at  two  different  vacua,  15  in.  and  27  in, 
approximately,  and  the  figure  shows  how  closely  the  heat  transmis- 
sion varies  with  the  square  root  of  the  water  velocity.  The  third 
curve  in  Fig.  9  is  a  curve  of  total  heat  transmitted  and  apparently 
varies  according  to  the  same  law. 

30  The  earlier  investigators  found  somewhat  different  results. 
Josse  and  Foster  have  both  taken  advantage  of  the  researches  of 
Professor  Ser  of  the  School  of  Arts  and  Manufactures  of  Paris. 
Josse  gives  his  results  in  a  set  of  curves,  while  Foster  gives  a  set  of 
numbers.  I  have  not  been  able  to  find  the  original  figures.  The 
numbers  given  by  Foster  and  scaled  from  Josse's  curves  in  metric 
measures  are  as  follows: 


London  Engineering,  Mar.  23,  1906. 

Zeitschrift  des  Vereins  Deutscher  Ingenieure,  Feb.  27,  1909. 


1790  TRANSMISSION    OF   HEAT   IN    SURFACE    CONDENSATION 

TABLE  2    SER'S  NUMBER  FOR  U 


^w 

f/cal. 

^w 

U 

V'Vy. 

v^^ 

ft. 

.B.t.u. 

C 

C 

m. 

Foster 

Josse 

0.10 

1400 

1400 

0.328 

287 

0.69 

416 

0.573 

501 

0.20 

2300 

2230 

0.656 

464 

0.868 

534 

0.811 

572 

0.30 

2550 

2550 

0.984 

522 

0.994 

525 

0.992 

526 

0.40 

2710 

2710 

1.31 

555 

1.093 

507 

1.143 

485 

0.50 

2860 

2860 

1.64 

586 

1.18 

496 

1.28 

458 

0.60 

3020 

3010 

1.967 

617 

1.252 

493 

1.402 

440 

0.70 

3180 

3180 

2.295 

652 

1.318 

495 

1.515 

430 

0.80 

3330 

3330 

2.622 

682 

1.378 

495 

1.62 

421 

0.90 

3480 

3480 

2.95 

712 

1.435 

496 

1.717 

415 

1.00 

3640 

3640 

3.28 

745 

1.485 

501 

1.81 

412 

1.10 

3800 

3800 

3.61 

778 

1.532 

507 
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Fig.  9    Variation  of  Heat  Transmission  with  Water  Velocity  (Orrok) 
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From  these  numbers,  Ser's  experiments  may  be  best  represented 
by  C/=  490 1'  Fw  or,  if  the  transmission  corresponding  to  0.328  ft. 
per  sec.  be  neglected,  U  =  508  l>F^,  the  variations  from  the  square 
root  curve  being  much  greater. 

31  Josse  has  also  published  a  curve  giving  the  results  of  Joule's 
experiments  which  follows  very  closely  the  expression  U  =  239v/Fw. 
Joule's  actual  numbers  are  available  and  have  been  recalculated. 
The  low-vacuum  tests,  up  to  2.5  in.  of  mercury  absolute  pressure, 
follow  very  nearly  the  above  figure,  but  the  mean  of  all  tests  within 
condenser    conditions   is    more    nearly    stated    by    the    expression 

U  =  315v  F^. 

32  The  wot\  of  these  two  experimenters  is  widely  known  and  has 
had  nearly  universal  acceptance  until  within  a  very  few  years,  when 
a  number  of  authorities  have  claimed  that  the  fact  might  be  better 
expressed  by  the  formula  U  =  CV  F„.  In  support  of  this  view,  Hage- 
mann's  experiments  were  cited  and  Josse's  own  experiments  on 
small-size  condensers  appear  to  agree  well  with  this  expression. 
Stanton  deduced  from  his  experiments  at  Owens  College  that  U  was 
directly  proportional  to  the  velocity,  but  his  numbers  have  never 
been  published. 

33  The  curves  in  Fig.  10  show  the  relation  between  heat  transfer 
and  circulating-water  velocity  for  all  of  the  experimenters  whose 
work  has  been  recalculated  in  connection  with  this  paper.  There 
may  be  some  doubt  as  to  the  constant  in  any  one  case,  but  all  the 
results  from  the  carves  are  merely  the  true  average  of  the  experi- 
mental figures.  It  is  probable  that  the  critical  velocity  was  ex- 
ceeded in  all  cases. 

VARIATION    OF    HEAT    TRANSFER    WITH    VELOCITY  OF    STEAM 

34  That  the  velocity  of  the  steam  across  the  tube  surface  has  an 
effect  on  the  transmission  has  been  asserted  by  a  number  of  authori- 
ties. Hausbrand  and  Ser  have  considered  that  the  heat  transmission 
was  proportional  to  the  square  root  of  the  steam  speed.  Jordan 
maintains  that  the  transmission  is  proportional  to  the  mass  flow  of 
the  steam.  Most  of  the  other  investigators  have  neglected  this. 
In  the  experiments,  we  have  been  unable  to  detect  any  effect  on  the 
heat  transmission  which  might  be  charged  to  the  velocity  of  the 
steam  approaching  the  tube  surface. 
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35  Let  us  consider  a  condenser  consisting  of  a  single  tube,  through 
which  the  cooling  water  is  flowing,  surrounded  by  an  atmosphere 
of  steam.  Condensation  will  take  place  at  the  outer  surface  of  the 
tube  and  the  steam  will  rush  in  to  the  tube  from  all  sides.  Mean- 
while, the  space  surrounding  the  tube  will  attain  a  constant  pressure 
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due  to  the  regular  influx  of  steam  into  the  condenser  and  its  conden- 
sation on  the  tube.  This  constant  pressure  will  determine  the  tem- 
perature of  the  steam  and  if  there  is  no  air  leakage  the  temperature 
will  be  that  due  to  the  saturated  vapor  of  water  at  the  constant  pres- 
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sure.  It  has  been  determined  experimentally  that  the  temperature 
and  pressure  remain  sensibly  constant  throughout  the  condenser, 
except  for  an  exceedingly  minute  space  in  the  neighborhood  of  the 
tube  surface. 

36     There  is  then  a  constant  flow  normal  to  the  surface  of  the  tube 
besides  such  residual  velocity  as  may  be  in  the  steam  after  its  passage 
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through  the  exhaust  pipe.  This  residual  velocity  in  practice  is 
usually  from  200  to  600  ft.  per  sec.  and  in  turbine  installations  may 
be  as  high  as  800  ft.  per  sec.  In  direction,  it  follows  the  axis  of 
the  eduction  nozzle  until  deflected  by  the  tubes^  sides  of  the  con- 
denser or  baffle  plates  and  constantly  loses  velocity  until,  at  the 
further  end  of  the  steam  travel,  this  velocity  is  entirely  lost.     The 
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component  of  this  residual  velocity  longitudinally  to  the  tube  is  of 
no  value  in  bringing  a  particle  of  steam  to  the  condensing  surface; 
neither  is  the  component  of  this  velocity  normal  to  the  tube  surface, 
for  its  action  is  balanced  by  carrying  away  the  steam  on  the  opposite 
side  of  the  tube.  Its  only  action  then  is  to  distribute  the  steam 
among  the  tubes. 

37  When  a  particle  of  steam  comes  in  contact  with  the  surface 
of  the  tube,  it  is  immediately  condensed  and  contracts  enormously 
in  volume.  At  atmospheric  pressure  the  volume  of  water  is  approxi- 
mately ,  z;;^^  of  the  steam  volume.     At  28  in.  of  vacuum,  or  1  lb.  abs., 

1660  ^ 

the  contraction  is  about  ^  '  and  at  29. ,5  in.,  or  |  lb.  abs.  77,000 

cu.  ft.  of  steam  condenses  to  1  cu.  ft.  of  water.  The  vacuum  thus 
created  induces  a  flow  of  steam  normal  to  the  steam  surface,  the 
velocity  of  which,  neglecting  friction,  can  easily  be  calculated  for  vari- 
ous conditions  by  means  of  the  formula  V  =  ^  2gh.  Transforming 
this  formula  we  get  V  =  96.25  ^  (Pt  — Pa)  <^,  where  Pt  =  vacuum 
pressure  (lb.  abs.),  Pa  =  partial  pressure  due  to  air  in  the  conden- 
ser, and  a  =  specific  volume  of  steam  at  pressure  (Pt— Pa). 

38  The  velocity  with  which  the  steam  particles  strike  the 
tube  surface  is  apparently  independent  of  the  distance  they  travel 
before  striking  and  is  reasonably  independent  of  the  vacuum.  The 
velocity  varies  from  about  1750  ft.  per  sec.  at  1  lb.  abs.  to  about 
1900  ft.  per  sec.  at  14.7  lb.  abs.  or  atmosphere.  These  values  of  V 
are  shown  in  Fig.  11  and  the  effect  of  a  small  quantity  of  air  in  the 
condenser  on  the  velocity  of  flow  of  the  steam  is  shown  to  be  very 
small. 


THE    EFFECT    OF    AIR    UPON    HEAT    TRANSMISSION 

39  During  the  early  portion  of  these  tests  it  was  impossible 
even  to  approximate  air-free  steam,  so  that  consistent  transfer  results 
could  not  be  obtained.  With  the  changing  of  the  apparatus  to  a 
closed  cycle,  it  was  possible  to  keep  the  air  down  to  a  rather 
small  quantity  and  the  results  obtained  were  much  more  consistent. 
It  is  probable  in  these  cases  that  the  partial  air  pressure  never 
exceeded  ^  in.  and  in  most  cases  was  below  this  point.  By  close 
attention  to  all  possible  sources  of  air  leaks  in  the  final  tests  run 
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from,  say,  No.  400  on,  it  is  probable  that  the  partial  air  pressure 
never  exceeded  j  in.  and  was  sometimes  much  less  than  this. 

40  The  best  experiments  on  the  effect  of  air  that  I  have  been 
able  to  find  were  described  by  James  Alexander  Smith  in  a  paper  read 
before  the  Victorian  Institute  of  Engineers  on  December  6, 1905,  which 
was  reprinted  in  London  Engineering,  March  23,  1906.  An  abstract 
of  this  paper  will  be  found  in  Appendix  No.  2.  His  results  show  that 
a  partial  pressure  of  air  amounting  to  i\  in.  will  reduce  the  heat 
transmission  25  per  cent;  |  in.  of  air  will  reduce  it  40  per  cent;  and  f 
in.  partial  air  pressure  will  reduce  the  heat  transfer  about  50  per  cent. 
It  is  much  to  be  regretted  that  Mr.  Smith  did  not  give  his  numbers, 
but  the  curves  are  sufficiently  clear  for  use. 

CONCLUSIONS 

41  a  The  heat  transferred  from  condensing  steam  surrounding 

a  metallic  tube  to  cold  water  flowing  through  the  tube  is 
proportional  to  the  seven-eighths  power  of  the  mean 
temperature  difference  of  the  water  and  steam  tempera- 
tures. This  is  equivalent  to  the  statement  that  the  co- 
efficient of  heat  transfer,  U,  is  inversely  proportional  to 
the  eighth  root  of  the  mean  temperature  difference. 

b  The  coefficient  of  heat  transmission,  U,  is  approximately 
proportional  to  the  square  root  of  the  velocity  of  the 
cooling  water. 

c  The  coefficient  U  is  independent  of  the  vacuum  and  of  the 
velocity  of  the  steam  among  the  tubes  or  in  the  condenser 
passages.  It  may  be  proportional  to  the  square  root  of 
the  velocity  normal  to  the  tubes,  but  in  all  common  cases 
this  velocity  does  not  vary  more  than  a  tenth  part. 

d  The  effect  of  air  on  the  heat  transferred  is  very  marked 
indeed,  particularly  at  high  vacua,  and  most  of  this  air 
is  due  to  leakage  through  the  walls  and  joints  of  the  appar- 
atus. Working  from  Smith's  curves  and  certain  picked 
tests,  where  the  volume  of  air  could  be  calculated,  the 
effect  of  the  presence  of  air  in  reducing  the  value  of  U 
is  as  follows: 


"     -p. 
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where  Pg  is  the  partial  pressure  due  to  the  steam  and  P^  is 
the  total  steam  and  air  pressure. 

e  Taking  the  heat  transfer  of  the  copper  tube  as  1.00,  under 
similar  conditions  the  transfer  for  other  materials  is 
approximately  as  follows:  coppe/,  1.00,  Admiralty, 
0.98,  aluminum  lined,  0.97,  Admiralty  oxidized  (black), 
0.92,  aluminum  bronze,  0.87,  cupro-nickel,  0.80,  tin, 
0.79,  Admiralty  lead-lined,  0.79,  zinc,  0.75,  Monel  metal, 
0.74,  Shelby  steel,  0.63,  old  Admiralty  (badly  corroded), 
0.55,  Admiralty  vulcanized  inside,  0.47,  glass,  0.25,  Admi- 
ralty vulcanized  both  sides,  0.17.  This  coefficient  (due  to 
the  material  of  the  tube)  will  be  designated  by  m-  Corro- 
sion, oxidation,  vulcanizing,  pitting,  etc.,  have  also  a 
marked  effect  in  reducing  the  transfer.  This  reduction, 
best  shown  by  the  Admiralty  tube  which  gave  ijl  =  0.55, 
may  reduce  the  transfer  at  least  50  per  cent. 

/  The  foregoing  conclusions  may  be  expressed  mathemati- 
cally as  follows: 

where  C  =  the  cleanliness  coefficient  varying  from  1 .00  to 
0.5 
ju  =  the  material  coefficient  varying  from  1.00  to 
0.17 

p   =   the  steam  richness  ratio,  „  varying  from  1.00 

"t 
to  0. 
Vy,   =   the  water  velocity  in  ft.  per  sec. 
6   =  the  mean  temperature  difference 
K  =   a,  constant,  probably  about  630 
The  effect  of  the  length  of  tube,  or  rather  length   of 
water  travel,  has  not  been  considered  and  the  design  of 
the  condenser  must  be  such  that  there   is  a  free  steam 
passage  to  every  tube. 
g     This  expression   for   U    is    cumbersome   to   use   and   for 
modern  turbine  condenser  work  certain  conditions  may 
be  taken  as  well  settled.    The   guaranteed  vacuum   is 
usually  28  in.     The  entrance  circulating  water  is  usually 
70  deg.  and  a  20  deg.  temperature  rise  is  considered  eco- 
nomical.   Under  these  conditions  6  =  18.3  and  6*  =1.44. 
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6  calculated  on  the  geometrical  curve  is  18.2.  For  these 
cases  it  will  be  nearly  as  accurate  and  much  simpler 
to  calculate  d  by  the  logarithmic  method,  neglecting  6  in 

630 
the  denominator  and  using  435  or  "tt  for    KK     The   ex- 
pression will  then  be  U  =  K^  C  P^  /j,  ^  V^. 

h     The  above  equation  agrees  well  with  the  results  of  a  num- 
ber of  tests  on  full  size  condensers  under  varying  conditions. 
There  appears  to  have  been  no  attempt  to  determine  the 
amount  of  air  handled  by  the  air  pump  in  these  cases,  but 
the  amounts  of  air  indicated  by  the  formula  are  such  as 
agree  with  the  pressures  and  temperature  taken.     The 
measurement  of  the  dry  pump  discharge  has  been  under- 
taken and  the  author  hopes  to  have  more  information  on 
this  point  in  the  future. 
42     In  conclusion,  the  author  wishes  to  acknowledge  the  efficient 
aid  rendered  him  in  conducting  the  experiments  and  calculating  the 
results  by  his  assistants  P.  E.  Reynolds  and  H.  R.  Callaway. 
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LIST  OF  SYMBOLS  USED  AND  TABLES  RELATING  TO  TESTS 
MADE  BY  THE  AUTHOR 

Vw  =  water  velocity,  ft.  per  sec. 
Va  =  steam  velocity,  ft.  per  sec. 
U     =  heat  transmission  coefficient,  B.t.u.  per  sq.  ft.   per  deg.  difference 

per  hr. 
9       =  temperature  difiference,  deg.  fahr. 
dm     =  mean  temperature  difference,  deg.  fahr. 
to       =  temperature  of  inlet  water 
ti      =  temperature  of  overflow  water 
t        =  any  temperature 
ta       =  temperature  due  to  pressure  of  saturated  steam 


R 


constants 


N  =  total  heat  transmitted  per  hour,  B.t.u. 

h  =  head,  ft. 

g  =  32.2 

<r  =  specific  volume  of  steam  at  pressure  (Ft  —  Pa) 

Ft  =  vacuum  pressure,  lb.  abs. 

Fa  =  partial  air  pressure  in  condesnser,  lb.  abs. 

Pa  =  partial  steam  pressure  in  condenser,  lb  abs. 

M  =  material   coefficient 

p  =  steam  richness  ratio,    [p  ) 

S  =  cooling  surface,  sq.  ft. 

Q  =  circulating  water  per  hour,  lb. 

W  =  steam  condensed  per  hour,  lb. 
Q 

w 


p       =  absolute  pressure  in  condenser,  in.  of  mercury 
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TESTS  OF  HEAT  TRANSFER  THROUGH  CONDENSER  TUBES* 

MADE  WITH  DRY  VACUUM  LINES  ONLY  SLIGHTLY   OPEN 
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8510 

53.2 

160 

8.43 

2.67 

110.5 

36.04 

42.52 

6.48 

71.22 

774 

281 

8530 

89.8 

95 

8.44 

5.27 

135.9 

35.44 

46.14 

10.7 

95.07 

960 

282 

8670 

134.2 

64.5 

8.56 

9.82 

160.9 

35.36 

51.04 

15.68 

117.7 

1153 

283 

8660 

166.2 

52 

8.55 

15.09 

178.8 

36.5 

55.5 

19.0 

132.8 

1240 

284 

8550 

211 

40.5 

8.44 

32.0 

215.5 

37.3 

61.2 

23.9 

166.3 

1228 

285 

8570 

157 

54.7 

8.47 

14.99 

178.4 

36.07 

54.20 

18.13 

133.2 

1166 

286 

8550 

125.5 

68 

8.44 

9.99 

161.4 

37.73 

52.58 

14.85 

116.2 

1091 

287 

8625 

83.5 

103.3 

8.53 

4.95 

132.1 

38.30 

48.15 

9.85 

88.9 

955 

288 

8570 

52.3 

164 

8.47 

2.95 

112.0 

36.70 

42.98 

6.28 

72.2 

755 

289 

8570 

180.0 

47.7 

8.47 

22.82 

197.9 

39.15 

59.63 

20.48 

148.5 

1181 

290 

8550 

178 

48.1 

8.44 

22.92 

198.2 

37.75 

58.05 

20.3 

150.3 

1154 

291 

8625 

55.2 

156 

8.53 

2.79 

116.2 

35.8 

42.38 

6.58 

77.09 

737 

292 

8650 

105 

8.55 

4.89 

133.8 

35.48 

45.13 

9.65 

93.44 

893 

293 

8570 

124.2 

69 

8.47 

9.90 

161.6 

35.43 

50.10 

14.68 

118.9 

1057 

294 

8625 

152 

57 

8.53 

14.90 

178.8 

36.40 

53.73 

17.43 

133.8 

1123 

295 

8525 

174 

49 

8.42 

22.52 

197.6 

36.38 

56.38 

20.00 

151.3 

1126 

296 

8750 

55 

159 

8.64 

3.06 

117.6 

37.53 

43.98 

6.45 

76.8 

734 

297 

8950 

79.9 

112 

8.85 

5.11 

135.7 

37.95 

47.03 

9.08 

93.2 

872 

298 

8900 

120 

74 

8.80 

9.91 

161.4 

37.00 

50.65 

13.65 

117.5 

1033 

299 

8825 

149.5 

59 

8.72 

14.98 

179.2 

36.45 

53.20 

16.75 

134.4 

1100 

300 

8825 

174 

50.7 

8.72 

22.56 

198.0 

36.93 

56.23 

19.30 

151.4 

1125 

301 

8875 

120 

73.8 

8.77 

9.86 

161.3 

36.65 

50.33 

13.68 

117.8 

1030 

302 

8370 

59.7 

140 

8.27 

3.28 

118.8 

37.3 

44.6 

7.3 

77.85 

785 

303 

8570 

86.7 

99 

8.47 

5.46 

137.3 

37.23 

47.5 

10.27 

94.93 

928 

304 

8525 

125 

68.2 

8.42 

10.63 

164.3 

36.1 

50.73 

14.63 

120.9 

1030 

305 

8525 

148 

57.7 

8.42 

15.53 

180.4 

36.17 

53.32 

17.15 

135.7 

1077 

306 

8475 

167 

50.6 

8.37 

23.13 

198.8 

36.92 

56.27 

19.35 

152.2 

1078 

307 

8420 

65.2 

129 

8.32 

4.26 

129.3 

36.63 

44.53 

7.9 

88.7 

751 

308 

8440 

76.5 

110.3 

8.35 

5.69 

136.2 

39.03 

48.25 

9.22 

92.6 

840 

309 

8600 

112.5 

76.3 

8.50 

10.15 

160.7 

39.08 

52.35 

13.27 

115.0 

991 

310 

8550 

137 

62.4 

8.44 

15.17 

178.3 

38.78 

54.63 

15.85 

131.6 

1030 

311 

8650 

162 

53.4 

8.55 

22.56 

197.5 

38.53 

56.85 

18.32 

149.8 

1058 

312 

8600 

168 

51.0 

8.50 

29.90 

212.1 

38.83 

57.83 

19.0 

163.8 

998 

313 

8925 

54.5 

164 

8.82 

3.04 

115.6 

39.33 

45.6 

6.27 

73.1 

765 

315 

8600 

76.0 

113.3 

8.50 

5.14 

135.1 

39.28 

48.25 

8.97 

91.3 

845 

316 

8600 

109 

78.7 

8.50 

10.02 

161.3 

39.0 

51.83 

12.83 

115.9 

952 

317 

8690 

136 

63.7 

8.60 

15.02 

178.7 

38.08 

53.6 

15.52 

132.9 

1015 

318 

8690 

158 

55.0 

8.60 

22.67 

197.7 

40.68 

58.48 

17.80 

148.1 

1043 

319 

8300 

48.8 

170 

8.20 

3.05 

117.3 

39.42 

45.45 

6.03 

74.9 

668 

320 

8300 

74.5 

111.5 

8.20 

5.03 

135.0 

38.4 

47.5 

9.1 

92.05 

821 

321 

8370 

106 

79.0 

8.27 

10.05 

161.9 

39.9 

52.73 

12.83 

115.6 

930 

*  Tests  220  to  336  Inclusive  made  without  removing  tube  from  apparatus.  When  removed  tube 
was  found  to  be  covered  with  an  accumulation  of  the  black  paint  which  was  used  on  gaskets  and 
joints  to  stop  air  leakage. 
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TRANSMISSION    OF    HEAT   IN    SURFACE    CONDENSATION 


TABLE  3     TESTS    OF    HEAT    TRANSFER    THROUGH    CONDENSER    TUBES— Con. 

MADE  WITH  DRY  VACUUM  LINES  ONLY  SLIGHTLY   OPEN 


1 

a 
1 

(2 

1 

2 

o  a 
5  1 

eloclty   of   Water   In 
Tube,  Ft.  Per  Sec. 

bsolute    Pressure    In 
Condenser,    In.    of 
Mercury 

g 

11 

II 

emperature    Rise  of 
Water,  Deg.  Fahr. 

ean     Temperature 
Difference,    Deg. 
Fahr.— Arlth. 

H 

o 

M 

tf 

> 

< 

H 

H 

^ 

H 

S 

m 

No. 

Q 

PF 

R 

^w 

P 

's 

<0 

'i 

h-to 

0m 

u 

Admiralty  Tube,  1  in.  Outside  Diameter,  18  B.W.G. 


331 

332 

333 

334 

335 

336" 

3371 

338 

339 

340 

341 

342 

343 

344 

345 


8550 

130 

65.7 

8 

8440 

151 

55.9 

8 

1    8690 

157 

54.7 

8 

8750 

172 

50.8 

8 

8750 

179 

48.8 

8 

8650 

191 

45.2 

8 

8600 

159 

54.1 

8 

8650 

166 

51.9 

8 

8600 

172 

49.9 

8 

8550 

187 

45.6 

8 

9125 

161 

56.5 

9 

9025 

174 

51.7 

8 

8900 

182 

49.0 

8 

8850 

197 

44.9 

8 

8300 

104 

80.0 

8 

8700 

118 

73.5 

8. 

8900 

67.3 

132 

8. 

8840 

78.7 

111 

8. 

8770 

116 

75.5 

8. 

8770 

138 

63.7 

8. 

8620 

149 

57,8 

8. 

8650 

133 

64.8 

8. 

8770 

115 

76.4 

8. 

8650 

94.0 

92.0 

8. 

8620 

65.2 

132 

8. 

8890 

69.5 

128 

8. 

15.12 

22.65 

30.0 

34.06 

41.8 

60.9 

29.5 

35.5 

42.7 

61.4 

30  0 

35.6 

42.7 

61.5 


4.0:'. 

5.02 
9.9 
14.6 
22.5 
22.5 
14.9 
9.9 
5.3 
3.01 


179.5  40.3 

197.5  j  38.15 

212.1  38.73 
218.8  I  38.83 
229.4  38.3 

250.2  37.98 
211.2  ;  38.45 


230.5 
250  4 
212.7 
221.6 
230.3 
251.5 
161.8 
161.5 
126.0 
133.8 
161.6 
179.1 
197.8 
197.6 
178.8 
160.9 
135.8 
115.5 


38.88 

40.2 

37.95 

38.0 

37.92 

38.55 

37.5 

38.18 

40.6 

40.1 

38.33 

38.7 

39.8 

39.03 
38.85 


55.35 

55.65 

56.45 

57.83 

57.95 

58.88 

56.35 

57.6 

58.08 

60.88 

55.1 

56.65 

57.5 

59.6 

50.13 

51.95 

48.33 

49.3 

51.73 

54.23 

56.7 

54.48 

52.0 

49.83 

46.8 

49.83 


15.05 
17.5 
17.72 
19.0 
19.65 
20.9 
17.9 
18.58 
19.20 
20.68 
17.15 
18.65 
19.58 
21.05 
12.63 
13.77 
7.73 
9.20 
13.4 
15.53 
16.9 
15.08 
12.97 
10.98 
7.72 
8.00 


'  131.7 

150.6 

164.5 

170.5 

181.4 

202.1 

164.8 

172.6 

182.0 

199.9 

166.2 

174.0 

182.6 

202.4 

118.0 

116.4 

81.5 

116.6 
132.6 
149.6 
150.7 
133.3 
116.6 
92.9 
69.7 


907 
885 
942 
967 
955 


1028 
845 
913 
1010 
1027 
975 
867 
853 
823 
718 


New  Admiralty  Tube 

348 

8700 

91.3 

95.2  1 

349 

8620 

122 

70.5  1 

350 

8700 

160 

54.3 

351 

8700 

186 

46.7 

352 

8470 

67.7 

125 

353 

8620 

90.4 

95.4 

354 

8470 

120 

70.4 

355 

8470 

152 

55.8  j 

356 

8540 

188 

45.5  I 

357 

8470 

179 

47.4 

358 

8540 

149 

57.3 

359 

8650 

123 

70.3 

360 

8650 

87.7 

98.7 

361 1 

8650 

68.5 

126 

362 

8810 

90.8 

97 

Installed,  Tube 

8.59  5.02 

8.51  9.9 

8.59  14.8 

8.59  22.5 

8.36  3.00 

8.51  5.01 

8.36  9.90 

8.36  14.8 

8.44  22.5 

8.36  22.5 

8.44  14.8 

8.55  10.0 


Being 
133.8 
161.5 
178.7 
197.9 
115.3 
133.7 
160.1 
178.8 
197.6 
197.5 
178.5 
160.8 
133.7 

M(i.3 
!-.   1 


Cleaned  Every  8  or  10  Tests 


40.58 

51.25 

10.67 

87.9 

39.85 

54.20 

14.35 

114.5 

37.73 

55.93 

18.2 

131.9 

38.23 

60.2 

21.97 

148.7 

39.45 

47.65 

8.20 

71.7 

39.28 

49.93 

10.65 

89.1 

37.98 

52.33 

•14.35 

114.9    [ 

40.2 

57.9 

17.7 

129.7 

44.98 

66.48 

21.5 

141.8 

45.18 

65.8 

20.62 

142.0 

42.85 

60.10 

17.25 

127.0 

41.90 

56.25 

14.35 

111.7    j 

41.55 

51.85 

10.30 

87.0 

42.5 

50.63 

8.13 

69.7 

42.58 

53.05 

10  47 

87.3 

1055 
1080 
1200 
1285 
970 
1032 
1057 
1155 
1295 
1230 
1157 
1112 
1025 
1010 
1055 


*  Test  336  mnilc  before  cleiuiin^  luin-. 
t  Test  337  made  after  cleaning  tiibo. 
I  Tests  361  to  369  Inclusive  made  with 


TRANSMISSION    OF    HEAT   IN    SURFACE    CONDENSATION 
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TESTS  OF  HE.\T  TRANSFER  THROUGH  CONDENSER  TUBES— Con. 

MADE  WITH    DRT   VACUUM   LINES   ONLY  SLIGHTLY   OPEN 


1 

1 

Circulating  Water  Per 
Hour,  Lb. 

Steam  Condensed  Per 
Hour,   Lb. 

Ratio    of    Water    to 
0 
Steam,  ^ 

a  . 

i 

> 

Absolute    Pressure    In 
Condenser,    In.    of 
Mercury 

remperaturc  of  Stoam, 
Deg.    Fahr. 

Temperature   of   Inlet 
Water,   Deg.   Fahr. 

i 

It 

S.-S 

ill 

'^0  5 

No. 

Q      .      W           R 

^w 

.             '-. 

«0                    «l 

ti-to 

9m 

U 

New  Admiralty  Tube  Installed,  Tube  Being  Cleaned  Every  8  or  10  Teats 

'                                       ~                   41.58  56.5 

38.58  57.03 

40.8  62.9 
42.0  66.63 
41.68  60.7 
45.4  60.78 
45.48  I  56.33 
44.68  52.73 
46.35  51.8 
42.03  49.03 
45.2  53.45 

45.9  56.8 
Admiralty  Tube,  1  in.  Outside  Diameter,  18  B.W.G 


8650 

129 

67 

8.55 

10.09 

161.7 

8650 

162 

53.6 

8.55 

15.19 

179.6 

8620 

195 

44.3 

8.51 

22.79 

198.2 

8810 

222 

39.7 

8.70 

22.77 

198.1 

8770 

169 

52 

8.66 

15.07 

178.9  1 

8770 

135 

65.1 

8.66 

10.09 

161.9 

8610 

94.2 

93.6 

8.70 

5.09 

134.6 

8770 

69.0 

127 

8.66 

3.11 

117.0 

8500 

44.7 

190 

8.40 

2.28 

105.4 

8440 

57.3 

147 

8.32 

3.15 

116.3 

8540 

69.3 

123 

8.44 

5.22 

136.1 

8390 

91.3 

91.8 

8.29 

10.2 

162.2 

14.92 

112.7    I 

18.45 

131.8 

22.1 

146.4 

24.63 

143.8 

19.02 

127.7    1 

15.38 

108.8 

10.85 

83.7    ! 

8.05 

68.3 

5.45 

56.3 

7.00 

70.8 

8.25 

86.8    1 

10.9 

110.9 

1145 
1210 
1297 
1505 
1307 
1237 
1142 
1032 
822 
832 
812 
825 


375 

8620 

111       1 

77.5 

8.51 

15.22 

179.5  1 

44.53 

57.28 

12.75 

128.6 

847 

376 

8500 

126      1 

67.3 

8.40 

23.0 

198.5 

46.05 

60.6 

14.55 

145.2 

852 

378 

8280 

51.6 

160 

8.17    ' 

2.63 

110.7 

49.03 

55.48 

6.45 

58.4 

912 

379 

8470 

74.2  1 

114 

8.36 

5.00 

132.8 

48.58 

57.48 

8.90 

79.8 

942 

380 

8570 

106 

81 

8.47 

9.78 

160.1 

43.80 

56.28 

12.48 

110.1 

973 

381 

8540 

125      ! 

68 

8.44 

14.78 

178.4 

44.60 

59.15 

14.55 

126.5 

982 

382 

8540 

161      ! 

53 

8.44 

22.33 

196.9 

43.62 

62.13 

18.50 

144,0 

1098 

383 

8620 

122 

70.4 

8.51 

9.58 

159.6 

44.25 

58.60 

14.35 

108.2 

1142 

384 

9150 

63 

145 

9.03 

2.80 

114,1 

47.8 

54.90 

7.1 

62.7 

1035 

385 

9040 

75.2  ■ 

120 

8.92 

3.85 

125.4 

48.5 

56.98 

8.48 

72.7 

1055 

386 

9120 

62.8 

145 

9.00 

2.80 

113.8 

47.55 

54.63 

7.08 

62.7 

1030 

387 

8840 

75.5 

117 

8.74 

3.82 

124.8 

46.53 

55.13 

8.7 

74,0 

1040 

388 

8960 

63.0 

142 

8.85 

2.80 

113.6 

45.5 

52.7 

7.2 

64.5 

1000 

389 

8730 

74.0 

118 

8.62 

3.82 

124.7 

46.65 

55.33 

8.68 

73.7 

1030 

390 

8925 

85.8 

104 

8.81 

4.77 

133.5 

46.5 

56.28 

9.78 

82.1 

1063 

391 

8925 

49.5 

180 

8.81 

2.07 

103.9 

52.3 

58.03 

5.73 

48.7 

1052 

392 

9000 

64.7 

139 

8.89 

2.93 

115.0 

47.88 

55.25 

7.37 

63.4 

1045 

393 

9040 

81.4 

111 

8.92 

4.90 

133.0 

45.18 

54.3 

9.12 

83.3 

990 

394 

8840 

81.8 

107 

8.74 

4.93 

133.1 

52.98 

62.45 

9.47 

75.4 

1110 

395 

9000 

123 

73.3 

8.89 

9.91 

161.0 

52.4 

66.18 

13.78 

101.7 

1220 

396 

8925 

149 

59.7 

8.81 

14.96 

179.0 

51.42 

68.1 

16.68 

119.2 

1248 

Copper  Tube,  1  In.  Outside  Diameter,  16  B.W.G. 


400 
401 
402 
403 
404 
405 


53.5 
71.2 
70.5 
91,2 
67.3 
81.5 

119 

134 

152 


8.65 
8.77 
8.80 
8.70 
8.92 
8.73 


75,0 
67.0 
58.8 


2.98 
4.95 
4.95 
9.9 
3.26 
5,23 
10.23 
15.26 
22.97 


115.6 

46.98 

133.6 

46.95 

133.3 

42.73 

161,0 

45,25 

1    118.1 

48.6 

!    135.5 

46.32 

162.1 

48.85 

179.8 

45.8 

198.3 

49.1 

53.28 
55.18 
50,83 
55.75 
55.13 
56.75 
62.2 
60.53 
65.75 


6.30 

65.5 

8.23 

82.5 

8.10 

86.5 

10.5 

111.5 

6.53 

66.2 

9.43 

84.0 

13.35 

106.6 

14.73 

126.6 

16.65 

140.9 

1110 
1060 
1053 
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TABLE  3    TESTS  OF  HEAT  TRANSFER  THROUGH  CONDENSER    TUBES— Con. 

MADE   WITH   DRY   VACUUM  LINES   ONLY  SLIGHTLY   OPEN 


1 

s 

?f3 

1 
h 

S 
.2 

i 

<a    . 

m  0 

3 

li 

0  g 

1  1 

^0 

"Is 

1 

li 

11 

C|!t3J3 

§5^ 

H 

o 

m 

« 

> 

< 

H 

h 

H 

H 

s 

m 

No. 

" 

W 

K 

Vw 

V 

's 

<o 

<i 

.-.0 

0m 

i;^ 

Copper  Tube,  1  in.  Outside  Diameter,  16  B.W.G. 


406 

9040 

134 

67.3 

8.92 

15.2 

179.5 

46.45 

61.15 

14.7 

125.7 

1057 

407 

8810 

114 

77.3 

8.70 

10.15 

162.0 

44.75 

57.7 

12.95 

110.8 

1030 

408 

8925 

83.5 

107 

8.81 

5.2 

135.0 

45.55 

55.08 

9.53 

84.7 

1005 

409 

8810 

63.4 

139 

8.70 

3.2 

117.5 

49.18 

56.53 

7.35 

64.6 

1003 

Alum 

num  Bronze  Tube,  1  in 

Outside  Diameter.  18  B.W.G. 

410 

8650 

66.5 

130 

8.55 

3.29 

118.1 

44.68 

52.58 

7.90 

69.5 

984 

411 

9040 

83,5 

108 

8.92 

5.17 

135.1 

49.38 

58.8 

9.42 

81.0 

1047 

412 

8970 

108 

83.2 

8.85 

10.22 

162.0 

48.50 

60.53 

12.03 

107.5 

1002 

413 

8925 

119 

75.0 

8.81 

15.19 

179.2 

44.1 

57.3 

13.2 

128.5 

918 

414 

8925 

138 

64.7 

8.81 

22.85 

198.0 

44.58 

59.83 

15.25 

145.8 

932 

415 

9000 

142 

63.5 

8.89 

22.87 

198.1 

43.48 

58.80 

15.42 

147.0 

945 

416 

8810 

115 

76.6 

8.70 

15.17 

179.3 

45.68 

58.60 

12.92 

127.2 

895 

417 

8770 

108 

81.5 

8.66 

10.14 

161.7 

47.28 

59.68 

12.4 

108.2 

1005 

418 

8770 

76.2 

115 

8.66 

5.09 

135.4 

47.63 

56.43 

8.80 

83.4 

925 

419 

8810 

63.8 

138 

8.70 

3.14 

116.6 

40.2 

47.63 

7.43 

72.7 

900 

Copper  Tube,  1 

in.  Outside  Diameter,  16  B.W.G 

420 

8890 

61.2 

145 

8.80 

3.13       116.5      42.35  1    49.45 

7.1 

70.6 

893 

421 

8700 

78.4 

111 

8.60 

5.08  !    134.1       42.35      51.55 

9.20 

87.1 

918 

422 

8650 

108 

79.8 

8.98 

10.18  i    162.0      41.78      54.30 

12.52 

114.0 

950 

423 

8730 

127 

68.5 

9.05 

15.07  i    178.9      41.90      56.33 

14.43 

129.7 

973 

424 

8650 

146 

59.0 

8.98 

22.82       197.9      42.63       59.23 

16.60 

147.0 

977 

Cupro-Nickel,  1 

In.  Outside  Diameter,  18  B.W.G 

425 

8840 

57.3 

154 

8.74 

3.09 

116.0 

42.48 

49.15 

6.67      69.2 

853 

426 

9120 

74 

123 

9.00 

4.87 

132.9 

42.45 

50.73 

8.28 

80.3 

875 

427 

9120 

101 

90.6 

9.00 

9.81 

160.6 

42.00 

53.15 

11.15 

113.0 

898 

428 

8890 

120 

74 

8.77 

14.87 

178.7 

41.13 

54.48 

13.35 

130.9 

907 

429 

9080 

145 

62.6 

8.96 

22.56 

197.4 

40.63 

56.28 

15.65 

148.9 

953 

431 

8970 

57.5 

156 

8.85 

3.04 

115.8 

40.38 

46.95 

6.58 

72.1 

820 

432 

8840 

72.4 

122 

8.74 

4.94 

133.6 

41.35 

49.7 

8.35 

88.1 

838 

433 

8840 

98.7 

89.7 

•  8.74 

10.03 

161.1 

41.68 

52.93 

11.25 

113.8 

875 

434 

9000 

117 

76.8 

8.89 

14.98 

178.9 

48.6 

61.48 

12.88 

123.9 

935 

435 

8810 

139 

63.3 

8.70 

22.89 

198.0 

46.35 

61.83 

15.48 

143.9 

948 

Aluminum-Lined  Copper  Tube,  1  in.  Outside  Diameter,  0.06  In.  Thick 


436 
437 
438 
439 
440 
441 
442 
443 
44^ 
445 


8840 

61.7 

143 

9.18 

8925 

82.6 

108 

9.25 

9000 

116 

77.7 

9.34 

9080 

137 

66.2 

9.41 

9040 

162 

55.8 

9.36 

8970 

168 

53.4 

9.30 

9040 

144 

62.7 

9.36 

8970 

120 

74.7 

9.30 

9040 

82.8 

109 

9.36 

8890 

59.7 

149 

9.21    1 

3.07 
5.07 
10.13 
15.1 
22.95 
22.95 
15.05 
10.02 
4.96 
3.09 


115.1 
133.9 
161.7 
178.8 
198.1 
198.1 
178.1 
162.4 
133.3 
115.9 


43.08  j-'50 

42.2  I  51 

42.18 

42.98 

42.58 

41.5 

40.88 

41.98 

42.30 

42.05 


.15  68 

.43  ,  87, 

.0  113. 

,95  '   128. 

52  I  146. 

32  147. 
77  i  129. 
4  113. 

33  86. 
90  !  70. 


918 
967 
1033 
1058 
1078 
1110 
1098 
1055 
975 
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TESTS  OF  HEAT  TRANSFER  THROUGH  CONDENSER  TUBES— Con. 

MADE  WITH  DRY  VACUUM  LINES   ONLY  SLIGHTLY   OPEN 


cylfe 


S  - 


0)1-1 

Eh 


^w 


it 


S(S 

i^n< 

§1 

H 

S 

Q 


4seS 


<i-<p 


dnx 


Monel  Tube,    1  In.  Outside  Diameter,  18  B.W.G. 

446 

8925 

57.1 

156 

8.81 

3.51 

119.6 

40.58 

47.13 

6.55 

75.7 

773 

447 

8810 

68.2 

129 

8.70 

5.01 

133.3 

40.80 

48.68 

7.88 

88.6 

783 

448 

8970 

91.0 

98.5 

8.85 

10.08 

161.5 

40.80 

51.03 

10.23 

115.6 

794 

449 

8840 

107 

82.5 

8.74 

14.96 

178.5 

40.50 

52.5 

12.0 

132.0 

805 

450 

8970 

128 

70.0 

8.85 

22.98 

198.1 

40.15 

54.13 

13.98 

151.0 

830 

451 

8810 

126 

70.0 

8.70 

23.01 

198.1 

40.0 

54.0 

14.0 

151.1 

817 

452 

9000 

107 

83.8 

8.89 

15.01 

178.1 

40.8 

52.6 

11.8 

131.4 

807 

453 

8890 

89 

100 

8.77 

9.95 

160.5 

41.13 

51.2 

10.07 

114.3 

792 

454 

8890 

66.3 

134 

8.77 

5.00 

133.1 

41.55 

49.13 

7.58 

87.8 

768 

455 

9040 

55.4 

163 

8.92 

3.42 

118.8 

40.95 

47.25 

6.30 

74.7 

762 

Admiralty  Tube,  Oxidized,  1  ir 

.  Outside  Diameter,  18  B.W.G. 

459 

8840 

129 

68.7 

8.74 

15.04 

178.9 

44.98 

59.38 

14.4 

126.7 

1005 

460 

8840 

151 

58.5 

8.74 

22.94 

198.2 

45.25 

61.98 

16.73 

144.6 

1023 

461 

8810 

149 

59.0 

8.70 

22.95 

198.5 

43.98 

60.55 

16.57 

146.2 

998 

462 

9080 

127 

71.5 

8.96 

15.05 

178.8 

43.8 

57.63 

13.83 

128.1 

980 

463 

9040 

103 

88.0 

8.92 

10.02 

161.4 

46.33 

57.8 

11.48 

109.3 

958 

464 

8970 

74.7 

12.0 

8.85 

5.05 

134.2 

48.38 

56.88 

8.50 

81.6 

934 

465 

8890 

63.0 

•  141 

8.77 

3.67 

123.2 

47.13 

54.38 

7.25 

72.9 

885 

466 

9040 

78.5 

115 

8.92 

5.37 

136.0 

47.03 

55.9 

8.87 

84.5 

948 

467 

8810 

108 

81.3 

8.70 

10.39 

162.6 

45.55 

57.85 

12.3 

110.9 

977 

Zinc  Tube,  1  in.  Outside  Diameter,  18  B.W.G. 


469 
470 
471 
472 
473 
474 
475 
476 
477 
478 


9000 

53.0 

170 

8.89 

3.52 

120.4 

44.85 

50.88 

6.03 

72.5 

738 

8925 

65.0 

137 

8.81 

5.49 

137.1 

44.1 

51.5 

7.40 

89.3 

740 

8970 

84.6 

106 

8.85 

10.34 

162.6 

45.12 

54.58 

9.45 

112.8 

751 

8840 

100 

88 

8.74 

15.32 

179.8 

44.15 

55.4 

11.25 

130.0 

765 

8970 

121 

74 

8.85 

23.38 

199.5 

43.55 

56.78 

13.23 

149.3 

793 

8925 

46.2 

193 

8.81 

3.36 

118.8 

49.5 

54.8 

5.30 

66.7 

712 

8925 

63.2 

141 

8.81 

5.35 

136.5 

43.62 

50.82 

7.20 

89.3 

720 

9080 

82.5 

110 

8.96 

10.35 

162.4 

46.33 

55.45 

9.12 

111.5 

740 

9040 

96.0 

94.3 

8.92 

15.20 

179.5 

49.00 

59.5 

10.5 

125.2 

757 

9040 

115 

78.3 

8.92 

23.07 

198.5 

49.10 

61.6 

12.5 

143.1 

787 

Alumi 

num-Br 

snze  Tu 

be,  1  in. 

Outside 

Diamot 

er,  18  B 

.W.G. 

479 

8925 

62.3 

143 

8.81 

3.53 

120.7 

42.85 

50.02 

7.17 

74.3 

852 

480 

8925 

75.6 

m 

8 

81 

5.38 

136.6 

42.4 

51.02 

8.62 

89.9 

857 

481 

8730 

95.2 

91.8 

8 

62 

10.28 

162.5 

45.72 

56.8 

11.08 

111.2 

870 

482 

8890 

112 

79.5 

8 

77 

15.28 

179.9 

52.28 

64.73 

12.45 

121.4 

910 

483 

9000 

133 

67.3 

8 

89 

23.19 

.   198.2 

47.98 

62.5 

14.52 

142.9 

915 

484 

8840 

65.0 

136 

8 

74 

4.03 

126.5 

45.10 

52.82 

7.52 

77.6 

857 

485 

9040 

73.5 

123 

8 

92 

5.08 

134.8 

43.85 

52.13 

8.28 

86.8 

860 

486 

8730 

95.0 

92.0 

8 

62 

9.95 

160.75 

44.55 

55.55 

11.0 

110.7 

868 

487 

8970 

117 

76.2 

8 

85 

15.13 

179.1 

48.02 

61.00 

12.98 

124.6 

938 

488 

8890 

133 

67.1 

8 

77 

23.03 

198.5 

49.32 

64.12 

14.8 

141.8 

927 

489 

9000 

95.0 

94.8 

8 

89 

10.15 

161.6 

51.3 

61.95 

10.65 

105.0 

912 

1804 
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TABLE  3     TESTS  OF  HEAT  TRANSFER  THROUGH  CONDENSER  TUBES— Con. 

MADE  WITH  DHT  VACUUM  LINES  ONLY  SLIGHTLY   OPEN 


XL 

G 
a 

1 
^   . 

1 

y   of    Water    In 
e,  Ft.  Per  Sec. 

ate    Pressure    In 
denser,    In.   of 
cury 

erature  of  Steam, 
.  Fahr. 

5. 
II 

erature  Rise  of 
er,   Deg.    Fahr. 

Temperature 

erence,    Deg. 

r.— Arlth. 
Per  Sq7Ft.^Per 
r  per  Deg.  Mean 

iperature    Dif- 

nce 

1 

£w 

2  o 

■B  1 

ti 

lal 

IS 

11 

f.i 

ean 
Dlff 
Fah 

.t.u. 
Hot 
Ten 
fere 

H 

o 

M 

tf 

> 

< 

H 

H 

H 

H 

s     |« 

No. 

Q 

w 

R 

^w 

p 

's 

to 

«1 

h-k 

6m 

U 

Admiralty  Tube, 

Lead  Lined,  1  in 

.  Outside  Diameter,  0.088  in.  Thick 

491 

9000 

55.2 

163 

10.54 

4.02 

125.6 

49.98 

56.25 

6.27 

■72.5 

778 

492 

8890 

62.6 

142 

10.50 

5.12 

134.5 

50.68 

57.85 

7.17 

80.2 

795 

493 

8770 

87.7 

100 

10.36 

10.01 

161.1 

51.35 

61.4 

10.05 

104.7 

845 

494 

8840 

108 

81.5 

10.45 

14.99 

179.0 

50.23 

62.4 

12.17 

122.7 

875 

495 

8810 

129 

68.3 

10.41 

22.84 

198.0 

49.73 

64.08 

14.35 

141.1 

895 

496 

8840 

130 

68.1 

10.46 

22.77 

198.1 

47.7 

62.08 

14.38 

143.2 

887 

497 

8650 

110 

78.5 

10.23 

14.94 

178.9 

45.63 

58.25 

12.62 

127.0 

860 

498 

8620 

92.8 

93.0 

10.18 

9.99 

161.0 

44.68 

55.55 

10.87 

110.9 

852 

499 

8620 

69.0 

125 

10.18 

5.86 

139.1 

44.9 

52.98 

8.08 

90.1 

773 

Shelby  Steel  Tube,  1  In.  Outside  Diameter,  18  B.W.G. 


500 

8970 

55.0 

163 

8.85 

3.49 

120.0 

45.88 

52.15 

6.27 

71.0 

788 

501 

8925 

65.0 

137 

8.81 

5.01 

132.9 

45.38 

52.8 

7.42 

83.8 

790 

502 

8840 

82.6 

107 

8.74 

10.03 

161.1 

46.35 

55.83 

9.47 

110.0 

762 

503 

8970 

99.5 

90.2 

8.85 

15.0 

179.0 

45.93 

56.9 

10.97 

127.6 

775   • 

504 

8970 

111 

80.5 

8.85 

22.80 

198.1 

49.88 

62.03 

12.15 

142.1 

765 

505 

8970 

108 

83.2 

8.85 

22.77 

198.1 

55.28 

67.05 

11.77 

136.9 

770 

506 

9040 

94.5 

95.7 

8.92 

14.89 

178.4 

51.95 

62.28 

10.33 

121.3 

770 

Shelby  Steel  Tube  with  Coating  of  Rust 


507 

8925 

44.8 

199 

8.81 

3 

508 

8840 

55.5 

159 

8.74 

5 

509 

8730 

71.0 

123 

8.62 

10 

121.1 
135.3 
162.5 


52.65 
49.3 
44.63 


57.8  5.15       65. 

55.68  :      6.38      82. 
52.78  I      8.15     112. 


Tin  Tube,  1  in.  Outside  Diameier,  0.055 

n.  Thick 

510 

8840 

47.2 

187 

9.12 

3.59 

120.8 

57.25 

62.73 

5.48 

60.8 

797 

511 

8650 

64.0 

135 

8.92 

5.09 

133.8 

44.9 

52.4 

7.50 

85.1 

764 

512 

8890 

87.0 

102 

9.15 

10.17 

161.4 

44.4 

54.2 

9.80 

112.1  • 

778 

513 

8770 

96.3 

91.2 

9.04 

15.14 

179.0 

52.33 

63.18 

10.85 

121.2 

785 

514 

8570 

113 

75.5 

8.84 

23.17 

198.6 

51.7 

64.53 

12.83 

140.5 

783 

515 

8650 

113 

76.6 

8.92 

22.94 

198.4 

51.23 

63.88 

12.65 

140.8 

778 

516 

8970 

96.6 

93.0 

9.24 

15.12 

178.8 

52.7 

63.35 

10.65 

120.8 

790 

517 

8840 

81.0 

109 

9.12 

10.10 

161.0 

52.88 

62.18 

9.30 

103.4 

793 

518 

8700 

60.8 

143 

8.98 

5.10 

133.5 

50.95 

58.05 

7.10 

79.0 

781 

519 

8890 

53.5 

166 

9.15 

4.10 

125.6 

51.93 

58.10 

6.17 

70.6 

775 

Old  Admiralty  Tube  Taken  from  Large  Condenser 

1  in.  0 

atslde  Diameter 

18  B.W.G. 

520 

8730 

48.2 

181 

8.62 

4.49 

129.0 

45.0 

50.63 

5.63 

81.2 

606 

521 

8620 

69.0 

125 

8.51 

9.87 

159.8 

53.2 

61.28 

8.08 

102.6 

675 

622 

8620 

84.5 

102 

8.51 

14.87 

177.9 

52.58 

62.25 

9.67 

121.4 

686 

523 

8650 

103 

84 

8.55 

22.87 

197.9 

50.23 

61.88 

11.65 

141.8 

710 

524 

8650 

105 

82.5 

8.55 

22.77 

197.1 

46.48 

58,35 

11.87 

144.6 

710 

525 

8730 

43.0 

203 

8.62 

3.51 

121.1 

52.68 

57.73 

5.05 

65.9 

667 

526 

8700 

53.2 

163 

8.58 

5.23 

135.4 

53.23 

59.45 

6.22 

79.1 

683 

527 

8840 

73.0 

121 

8.74 

10.28 

162.3 

54.2 

62.5 

8.30 

103.9 

704 

528 

8840 

86.6 

102 

8.74 

15.20 

179.3 

65.03 

64.75 

9.72 

119.4 

717 
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TABLE  i    TESTS  OF  HEAT  TRANSFER  THROUGH  CONDENSER   TUBES 

MADE   TO  DETERMINE    EFFECT    OP   CIRCULATINQ   WATER   VELOCITY    ON   HEAT  TRANSFER 


1 

3 

"3  fci 

m  Condensed 
r  Hour,  Lb. 

2 

sis 
III 

1' 

perature  Rise 
Water,   Deg. 
hr. 

n    Tempera- 
re  Difference, 
eg.  Fahr.— 
1th. 

a.  Per  Sq.  Ft. 
r    Hour    Per 
3g.    Mean 
m perature 
fference 

1 

^^ 

§^ 

■g     OD 

■^Hcg 

SflQ 

Hoa 

i"sp^ 

25P< 

^fSQ^jQ 

H 

o 

tc 

> 

<! 

H 

H 

H 

H 

a 

« 

No. 

Q 

W 

fi 

^w 

P 

<8 

«o 

«i 

t^-to 

0m 

U 

Old  Admiralty  Tube  Taken  from  Large  Condenser,  1  In.  Outside  Diameter,  18  B.W.G 

529 

11252 

53.8 

209 

11.3 

5.25 

134.4 

50.6 

55.48 

4.88 

82.4 

668 

530 

10530 

51.6 

204 

10.4 

5.28 

135.5 

49.75 

54.75 

5.00 

83.2 

•      634 

531 

9340 

49.1 

190 

9.24 

5.23 

134.3 

49.6 

54.98 

5.38 

81.8 

615 

532 

8240 

47.3 

174 

8.15 

5.23 

134.1 

50.05 

55.93 

5.88 

81.1 

595 

533 

6490 

42.5 

152 

6.42 

5.20 

133.8 

50.3 

57.03 

6.73 

80.1 

545 

534 

6030 

42.7 

141 

5.97 

5.25 

134.1 

52.3 

59.55 

7.25 

78.2 

558 

535 

4440 

37.0 

120 

4  49 

5.23 

133.8 

48.05 

56.58 

8.53 

81.0 

473 

536 

3640 

33.0 

110 

3.60 

5.25 

133.9 

50.23 

59.53 

9.3 

79.0 

428 

537 

1670 

21.4 

78 

1.65 

5.23 

134.0 

50.25 

63.33 

13.08 

77.2 

283 

538 

1440 

19.7 

73.1 

1.43 

5.12 

134.8 

52.5 

66.45 

13.95 

75.3 

267 

539 

2425 

27.1 

89.7 

2.41 

5.02 

134.3 

61.88 

63.25 

11.38 

76.7 

360 

540 

2737 

28.2 

97.0 

2.72 

5.12 

134.4 

54.43 

64.95 

10.52 

74.7 

388 

541 

3640 

33.1 

110 

3.60 

5.10 

134.8 

55.43 

64.7 

9.28 

74.7 

452 

542 

5085 

39.1 

130 

5.03 

5.04 

134.3 

54.48 

62.35 

7.87 

75.9 

527 

543 

6255 

45.0 

139 

6.19 

5.14 

134.6 

51.35 

58.7 

7.35 

79.6 

578 

544 

7855 

47.8 

164 

7.77 

5.10 

134.3 

54.1 

60.33 

6.23 

77.1 

635 

545 

8425 

50.1 

168 

8.33 

5.10 

134.8 

50.7 

56.78 

6.08 

81.1 

633 

546 

10000 

53.8 

186 

9.91 

5.02 

134.3 

49.48 

54.98 

5.50 

82.1 

670 

547 

11495 

57.2 

201 

11.4 

5.07 

134.1 

50.0 

55.08 

5.08 

81.6 

716 

Admiralty  Tube, 

1  In.  Outside  Diameter, 

18  B.W.G. 

548 

11325 

69.8 

162 

11.2 

4.06 

126.3 

50.9 

57.25 

6.35 

72.2 

1000 

549 

9980 

67.4 

148 

9.88 

4.11 

126.3 

51.38 

58.3 

6.91 

71.5 

967 

550 

9560 

66.3 

144 

9.47 

4.08 

126.1 

50.7 

57.8 

7.10 

71.8 

945 

551 

9225 

65.8 

140 

9.13 

4.06 

126.3 

50.5 

57.83 

7.33 

72.1 

938 

552 

7700 

58.3 

132 

7.62 

4.11 

126.6 

53.55 

61.3 

7.75 

69.2 

864 

553 

6525 

54.8 

119 

6.46 

4.11 

126.4 

50.58 

59.2 

8.62 

71.5 

788 

554 

5500 

50.0 

110 

5.44 

4.11 

127.0 

51.43 

60.73 

9.30 

70.9 

722 

555 

4060 

42.2 

96.4 

4.02 

4.13 

127.1 

51.90 

62.55 

10.65 

69.9 

618 

556 

2693 

31.7 

85.0 

2.66 

4.13 

126.6 

54.73 

66.78 

12.05 

65.8 

492 

557 

1212 

17.5 

69.5 

1.20 

4.13 

127.0 

53.88 

68.63 

14.75 

66.7 

273 

558 

11515 

67.3 

156 

11.4 

3.95 

124.9 

50.98 

57.68 

6.60 

70.6 

1076 

559 

10160 

69.0 

147 

10.1 

4.10 

126.1 

52.05 

59.05 

7.00 

70.5 

1008 

560 

7700 

62.1 

124 

7.63 

4.08 

126.3 

53.03 

61.28 

8.25 

69.1 

920 

561 

9260 

64.7 

143 

9.17 

4.03 

125.4 

56.5 

63.68 

7.18 

65.8 

1005 

562 

6830 

59.8 

114 

6,76 

4.00 

125.1 

49.08 

58.1 

9.02 

71.6 

862 

563 

5120 

52.4 

97.8 

5.07 

4.08 

126.4 

47.53 

58.03 

10.50 

73.6 

732 

564 

3980 

42.0 

94.7 

3.94 

4.13 

126.7 

53.9 

64.73 

10.83 

67.4 

640 

565 

2675 

32.7 

81.8 

2.65 

4.15 

126.8 

54.3 

66.85 

12.55 

66.2 

607 

566 

1250 

18.1 

69.1 

1.24 

4.15 

127.0 

53.98 

68.83 

14.85 

65.6 

283 

567 

11380 

74.2 

153 

11.26 

4.12 

126.5 

49.58 

56.30 

6.72 

73.6 

1040 

568 

9795 

69.0 

142 

9.70 

4.02 

125.4 

50.25 

57.48 

7.23 

71.5 

950 

569 

9225 

65.3 

141 

9.12 

4.02 

125.0 

50.38 

57.68 

7.30 

71.0 

947 

570 

7400 

61.7 

120 

7.32 

4.12 

126.0 

50.43 

58.95 

8.52 

70.3 

895 

571 

6340 

59.2 

107 

6.27 

4.11 

126.5 

49.83 

59.38 

9.55 

71.9 

842 

572 

4332 

52.5 

82.4 

4.28 

4.16 

126.9 

49.80 

62.25 

12.45 

70.9 

760 

573 

4475 

52.5 

85.2 

4.43 

4.11 

126.0 

49.8 

61.83 

12.03 

70.2 

769 

574 

11520 

78.3 

147 

11.40 

4.28 

127.5 

52.78 

69.78 

7.00 

71.2 

1132 

1806 
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TABLE  4.    TESTS  OF  HEAT  TRANSFER  THROUGH  CONDENSER  TUBES-Cou. 

MADE  TO  DETERMINE  EFFECT  OF  CIRCULATING  WATER  VOLOCITY   ON  HEAT  TRANSFER 


1 
a 

1 

1 

Circulating  Water 
Per  Hour,  Lb. 

Steam  Condensed 
Per  Hour,  Lb. 

2 

11 
1" 

1^ 

> 

IK 

< 

7 

III 

Temperature     of 
Outlet    Water, 
Deg.    Fahr. 

Temperature  Rise 
of  Water,    Deg. 
Fahi. 

Mean      Tempera- 
ture   Difference 
Deg.        Fahr.— 
Arith. 

B.t.urPer  Sq.  Ft. 
Per    Hour    Per 
Deg.      Mean 
Temperature 
Difference 

No. 

Q 

W 

R 

TV 

P 

<s 

to 

<i       '    <i— to 

dm             U 

Admiralty  Tube 

,  1  In.    Outside  Diameter,  18  B.W.G. 

575 

9750 

72.7 

134 

9.65 

4.18 

126.4 

53.63 

61.28 

7.65 

68.8 

1080 

576 

8770 

68.1 

130 

8.67 

4.10 

125.6 

50.35 

.58.33 

7.98 

71.3 

980 

577 

8620 

66.6 

130 

8.52 

4.20 

126.4 

51.7 

59.63 

7.93 

70.7 

963 

578 

7055 

59.9 

118 

6.98 

4.13 

126.0 

52.25 

60.95 

8.70 

69.4 

883 

579 

4060 

43.3 

93.6 

4.01 

4.13 

126.1 

61.45 

62.4 

10.95 

68,7 

647 

580  • 

5885 

55.2 

107 

5.82 

4.08 

125.5 

49.15 

58.78 

9.63 

71.5 

792 

581 

2690 

32.9 

81.7 

2.67 

4.23 

126.6 

49.68 

62.25 

12.57 

69.6 

487 

582 

872 

12.9 

67.7 

0.86 

4.26 

127.4 

51.85 

67.03 

15.18 

68.0 

195 

583 

11270 

79.4 

142 

11.3 

4.10 

125.5 

47.25 

54.48 

7.23 

74  6 

1090 

584 

11340 

78.0 

146 

11.4 

4.00 

125.9 

50.45 

57.5 

7.05 

71.9 

1110 

585 

9905 

73.1 

135 

9  8 

4.03 

126.0 

50.45 

.58.03 

7.58 

71.8 

1056 

586 

8425. 

67.1 

125 

8.33 

4.00 

125.3 

50.5 

.58.68 

8.18 

70.7 

973 

587 

8390 

67.6 

124 

8.30 

3,97 

124.8 

47.13 

55.4 

8.27 

73.5 

943 

588 

6680 

61.1 

109 

6.61 

4.05 

126.5 

48.1 

57.5 

9.40 

73.7 

852 

589 

4060 

44.1 

92 

4.01 

4.07 

126.0 

50.63 

61.8 

11.17 

69.8 

648 

590 

5195 

49.1 

106 

5.14 

3.93 

124.5 

51.7 

61.4 

9.70 

68.0 

741 

591 

2767  • 

,32.6 

84.8 

2.74 

4.10 

126.6 

53.15 

65.25 

12.10 

67.4 

497 

592 

2463 

30.7 

80,3 

2.44 

4.20 

128.1 

54.6 

67.38 

12.78 

67.1 

470 

593 

1743 

22.9 

76.2 

1.65 

4.12 

126.5 

55.68 

69.15 

13.47 

64.1 

350 

594 

986 

13.8 

71.5 

0.98 

4.15 

126.3 

57.25 

71.6 

14.35 

61.9 

229 

595 

11340 

72.1 

157 

11.4 

4.09 

126.6 

47.6 

54.12 

6.52 

75.7 

980 

596 

9985 

68.0 

147 

9.88 

4.09 

126.8 

47.7 

54.68 

6.98 

75.6 

922 

597 

8460 

61.8 

137 

8.37 

3.97 

125.1 

47.02 

54.5 

7.48 

74.3 

852 

598 

7665 

59.2 

129 

7.59 

4.12 

127.1 

48.55 

56.48 

7.93 

74.6 

818 

599 

6520 

52.9 

123 

6  46 

3.99 

125.5 

49.3 

57,65 

8  35 

72,0 

767 

600 

4890 

45.7 

107 

4.84 

4.07 

126.4 

49.48 

59.08 

9.60 

72,1 

652 

601 

8035 

89.5 

90.0 

3.00 

4.09 

126.5 

51.1 

62.55 

11.45 

69,6 

498 

602 

3375 

35.2 

96.0 

3.34 

3.99 

125.1 

51.82 

62.52 

io;7 

•67.9 

531 

603 

1972 

24.5 

80.5 

1.95 

4.07 

126.6 

.51.82 

64.65 

12. S3 

68.3 

370 

604 

949 

13.9 

68.0 

0.94 

4.15 

127.0 

50.6 

65.7 

15.1 

68.8 

208 

605 

11075 

139 

79.5 

10.95 

18.0 

187.0 

47.08 

59.45 

12  37 

133  7 

io:o 

606 

9835 

133 

73.9 

9.74 

17.98 

186.8 

46.68 

59.98 

13.3 

133  5 

968 

607 

8615 

127 

68.0 

8.52 

17.95 

186.8 

46.72 

61.18 

14.46 

132.9 

926 

608 

7895 

121 

65.4 

7.82 

18.05 

187.1 

46.8 

61.83 

15.03 

133.8 

876 

609 

5960 

107 

55,6 

5.89 

17.97 

186.8 

46.95 

64.63 

17.68 

131.0 

794 

610 

3830 

82.6 

46.4 

3.79 

17.92 

186.7 

47,38 

68.58 

21.2 

128.7 

623 

611 

2010 

52.4 

38.4 

1.99 

18.05 

187.0 

47.98 

73.55 

25.57 

126.2 

401 

612 

2313 

59.8 

38.7 

2.29 

18.0 

186.8 

48.0 

73.38 

25.38 

126.1 

459 

613 

873 

25.3 

34.5 

0.86 

17.95 

187.0 

49.10 

77.53 

28.43 

123.7 

198 

614 

11380 

135 

84.3 

11.28 

17.82 

186.4 

47.68 

59.32 

11.56 

132.9 

985 

615 

9985 

127 

78.6 

9.87 

17.99 

186.9 

48.18 

60.68 

12.5 

132.5 

929 

616 

8730 

120 

73.0 

8.64 

17.99 

186.6 

48.50 

61.95 

13.45 

131.4 

881 

617 

7855 

115 

68.4 

7.77 

17.82 

186.0 

48.25 

62.62 

14.38 

130.6 

854 

618 

6605 

105 

63.2 

6.53 

17.89 

186.3 

49.55 

65.10 

15.55 

128.9 

787 

619 

4970 

88.8 

56.0 

4.92 

17.97 

186.6 

48.10 

65.68 

17.58 

129.7 

665 

620 

3412 

71.6 

47.6 

3.38 

18.01 

186.6 

48.05 

68.7 

20.65 

128.2 

542 

621 

1479 

39.6 

37.4 

1.46 

18.19 

187.3 

48.70 

75.03 

26.33 

125.4 

306 

622 

2463 

58.4 

42.2 

2.44 

17.99 

186.6 

48.18 

71.43 

23.25 

126.8 

446 
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TABLE  5    TESTS  OF  HEAT  TRANSFER  THROUGH    CONDENSER    TUBES 

lADE  TO  DETERMINE  EFFECT  OF  VARIATIONS  OF  MEAN  TE.MPERATURE  DIFFERENCE  ON  HEAT  TRANSFER 


Per 

1 

^■3 

1 

.1 

4!=  c 

^■3 

"0 

„    !li^ 

mber 

ng  Water 
Lb. 

1 
a 

g3 

S 

h 
III 

0^ 

11 

St 

II 

ii 

est  Nu 

irculatl 
Hour, 

ll 

.2    1 
1    ^ 

11 

Is 

a-2 

II 

H           O 

CO 

> 

<; 

H 

fH 

h 

H 

s 

cq 

No.           Q 

W 

R 

^w 

p 

.0 

h 

<i-<o 

9m 

c/ 

640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
653 
654 
655 
656 
657 


Admiralty  Tube,  1  In.  Outside  Diameter,  18  B.W.G. 


9040 

8810 
8840 


8925 
8810 
8925 
8890 
8925 
8925 
8925 


59.2 

163 

8.91 

2.65 

111.6 

46.98 

53.35 

6.37 

60.9 

940 

54.6 

165 

8 

94 

2.70 

111.5 

47.53 

53.8 

6.27 

60.8 

930 

44.3 

199 

8 

75 

2.70 

111.3 

61.05 

66.25 

5.20 

47.6 

967 

37.5 

236 

8 

75 

2.65 

111  0 

69.95 

74.35 

4.40 

38.8 

1000 

30.3 

296 

8 

86 

2.73 

111  9 

81.85 

85.35 

3.50 

28.3 

1108 

14.3 

593 

8 

94 

2.75 

112.1 

98.53 

100.28 

1.75 

12.7 

1233 

56.4 

157 

8 

79 

2.90 

114.6 

47.90 

54.48 

6.58 

63.4 

;920 

44.4 

199 

8 

75 

2.90 

114.1 

62.83 

68.03 

5.20 

48.7 

[945 

40.0 

222 

8 

79 

2.93 

114,3 

70,08 

74.78 

4.70 

41.9 

995 

34.4 

261 

8 

86 

2.93 

115.1 

79.58 

83.55 

3.97 

33.5 

1062 

24.8 

354 

8 

72 

2.95 

114.4 

90.13 

93.10 

2.92 

22.8 

1127 

17.0 

518 

8 

72 

2.95 

116.0 

99.4 

101.4 

2.00 

15.6 

1130 

8.50 

1015 

8 

52 

2.95 

114.5 

107.16 

108.18 

1.02 

6.80 

1290 

14.7 

599 

8 

72 

2.87 

113.9 

99.72 

101.45 

1.73 

13.3 

1145 

23.0 

384 

S 

72 

2.87 

113.9 

90.85 

93.55 

2.70 

21.7 

1095 

30.6 

285 

8 

63 

2.90 

114.4 

82.60 

86.23 

3.63 

30.0 

1055 

39.4 

222 

8 

63 

2.85 

113.5 

69.88 

74.55 

4.67 

41.3 

985 

57.1 

158 

8 

91 

3.00 

115.4 

48.58 

55.15 

6.57 

63.5 

930 

50.2 

179 

8 

91 

3.05 

116.0 

59.8 

65.58 

5.78 

63.3 

975 

41.0 

220 

8 

91 

2.97 

114.5 

70.53 

75.25 

4.72 

41.6 

1018 

32.1 

278 

8 

82 

3.00 

114.6 

81.35 

85.08 

3.73 

31.4 

1060 

25.0 

353 

8 

72 

3.03 

115.1 

90.00 

92.93 

2.93 

23.7 

1088 

17.2 

518 

8 

82 

3.05 

117.4 

100.98 

102.98 

2.00 

15.4 

1158 

4.30 

2070 

8 

79 

3.04 

115,5 

111.88 

112.38 

0.50 

3.30 

1342 

4.40 

2030 

8 

82 

3.04 

115.0 

111.13 

111.64 

0.51 

3.60 

1263 

15.9 

560 

8 

82 

3.02 

115.0 

100.33 

102.18 

1.85 

13.8 

1193 

56.5 

158 

8 

82 

2.98 

113.8 

49.8 

56.35 

6.55 

60.7 

963 

48.5 

182 

8 

72 

3.03 

114.5 

61.18 

66.88 

5.70 

50.5 

993 

42.2 

212 

8 

86 

3.05 

114.8 

69.83 

74.75 

4.92 

42.5 

1036 

32.2 

274 

8 

75 

3.13 

115.1 

81.40 

85.13 

3.73 

31.8 

1050 

24.1 

366 

8 

75 

3.13 

115.0 

90.62 

93.45 

2.83 

23.0 

1088 

14.7 

598 

8 

72 

3.13 

115.3 

101.35 

103.08 

1.73 

13.1 

1163 

4.90 

1786 

8 

63 

3.14 

115.3 

111.07 

111.65 

0.58 

3.90 

1295 

5.02 

1786 

8 

86 

3.14 

115.1 

111.10 

111.68 

0.58 

3.70 

1403 

15.2 

581 

8 

75 

3.14 

115.3 

101.34 

103.12 

1.78 

13.1 

1200 

24.8 

366 

8 

98 

3.09 

115.4 

90.75 

93.68 

2.83 

23.1 

1113 

32.6 

267 

8 

63 

3.09 

115.0 

80.35 

84.23 

3.88 

32.7 

1035 

40.2 

219 

8 

72 

3.02 

114.8 

71.12 

75.85 

4.73 

41.3 

1008 

48.3 

182 

8 

72 

3.05 

115.0 

61.38 

67.05 

5.68 

50.8 

984 

7.90 

1138 

8 

86 

2.86 

114.5 

107.27 

108.18 

0.91 

:-6.80 

1200 

8.40 

1057 

8 

72 

2.88 

114.4 

107.27 

108.25 

0.98 

6.60 

1305 

4.80 

1881 

8 

91 

2.90 

114.9 

110.90 

111.45 

0.55 

3.70 

1335 

4.40 

1981 

8 

72 

2.92 

114.7 

111.28 

111.82 

0.54 

3.15 

1510 
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TABLE  5    TESTS  OF  HEAT  TRANSFER  THROUGH  CONDENSER  TUBES— Con. 

MADE  TO  DETERMINE  EFFECT  OF  VARIATIONS  OF  MEAN  TEMPERATURE  DIFFBRENCE  ON  HEAT  TRANSFER 


II 
1^ 

1 

il 

1 

SOS 

i 
1 

ll 

^|S 

1 

Is 

1 

3 

o    1 

^1 

el 
ll 

:i 
ll 

U 

ii 

^1 

ml 

H 

o 

CO 

Pi 

> 

<! 

H 

H 

H 

^ 

. « 

No. 

Q 

W 

R 

^w 

P 

<s 

<o 

«i 

<i-«o 

9m 

U 

Admiralty  Tube,  1  In.  Outside  Diameter,  18  B.W.G. 


675 
676 
678 
679 


700 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 
712 
713 
714 
715 
716 
717 
718 


8970 

6.70 

8810 

10.8 

8840 

8.00 

8890 

12.1    1 

8730 

12.6 

8970 

7.50 

8770 

4.30 

8890 

7.90 

6185 

4.80 

6030 

13.9 

5995 

21.1 

5995 

28.6 

5955 

35.6 

6185 

42.4 

6220 

47.9 

6300 

48.5 

6220 

41.5 

6185 

36.2 

6262 

29.7 

6340 

22.0 

6370 

13.2 

6185 

4.30 

3640 

3.90 

3718 

9.20 

3415 

10.3 

3792 

21.6 

3718 

26.5 

3718 

30.2 

3680 

33.9 

3680 

34.0 

3562 

29.8 

3582 

25.0 

3562 

20.6 

3562 

14.8 

3562 

8.40 

3600 

4.00 

2028 

21.0 

1859 

17.6 

1859 

14.9 

1820 

12.4 

1915 

8.80 

1345 
815 
1101 
735 
690 
1190 
2030 
1125 
1294 
435 
284 
209 
167 
146 
130 
J  30 
150 
171 
211 


481 
1480 
1262 
403 
233 
176 
140 
123 


120 
142 
173 
241 
423 
901 
97.0 
105 
124 
146 
217 


8.86 
8.72 
8.75 
8.79 
8.64 


6.12 
5.97 
5.93 
5.93 
5.90 
6.12 
6.16 
6.24 
6,16 
6.12 
6.20 
6.28 
6.31 
6.12 
3.61 
3.68 
3.38 
3.76 


3.64 
3.53 
3.53 
3.53 
3.53 
3.53 
3.57 
2.01 
1,83 

1.80 
1.90 


2,92 

3.05 
3.02 
3.10 
3.10 
3.15 
3.15 
3.10 
3.10 
3.04 
3.12 
3.10 
3.10 
3.10 


114.0 
114.6 
114.7 
113.6 
115.3 
115.1 
115.4 
115.1 
114.6 
114.3 
113.4 
115.0 
114.3 
114.2 
115.0 


3.12 

114.5 

2.95 

114.3 

2.95 

115  3 

2.95 

115.5 

2.97 

114.5 

2.95 

114.5 

2.95 

114.5 

2.95 

114.5 

2.93 

113.3 

3.08 

114.3 

3.03 

113.5 

3.08 

114.1 

3.08 

113.6 

3.08 

114.0 

3.08 

114.0 

3.02 

113.5 

3.02 

113.8 

3.03 

114.0 

3.06 

114.1 

2.96 

113.3 

3.08 

115.4 

2,81 

112.4 

2.91 

113.8 

2.86 

113.0 

2.93 

113.5 

2.86 

112.6 

108.51 
104.38 
107.99 
102.79 
103.88 
109.06 
111.94 
108.86 
109.80 
99.45 
89.83 
81.10 
69.78 
60.73 
49.70 
49.53 
60.80 
70.25 
80.18 
89.95 
100.38 
110.78  1 
110.33 


109.28 
105.65 
108.93 
104.2 
105.38 
109.93 
112.45 
109.78 
110.6 
101.83 
93.48 
86.05 
75.98 
67,83 
57.68 
57.5 
67.7 
76.3 
85.10 
93.55 
102.53 
111.48 
111.15 
101.65 


91.33 

95.78 

79.65 

85.55 

71.05 

78.45 

62.35 

70.78 

53.73 

63.28 

52.93 

62.50 

59.80 

68.45 

70.90 

78.18 

80.25 

86.23 

90.85 

95.15 

100,30 

102.75 

109.75 

110.9 

51.78 

62.48 

i 61.48 

71.30 

^71.08 

79.4 

=  79.35 

86.42 

[90.50 

95.28 

0.77    ' 

1.27    ] 

0.94 

1.41 

1.50    I 

0.87    I 

0.51 

0.92 

0.80 

2.38 

3.65 

4.95 

6.20 

7.10 

7  98 

7.97 

6.90 

6.05 


2.15 
0.70 
0.82 
2.57 
4.45 
5.90 
7.40 
8.43 
9.55 
9.57 
8.65 

5.98 
4.30 
2.45 
1.15 
10.7 
9.82 
8.32 
7.07 
4.78 


5.40 
9.60 
6.20 
10.2 
10.7 
5.60 
3.20 
5.80 
4.40 
13.7 
21.7 
31.4 
41.4 
49.9 
61.3 
61.0 
50.0 
42.0 
32.9 
22.7 
13.0 
3.40 
3.80 
12.9 
20.7 
30.9 
39.3 
47.0 
55.5 
56.1 
49.4 
39.3 
30.8 
21.1 
11.8 
5.10 
55.3 
47.6 
37.7 
30.6 
19.7 
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TABLE  5    TESTS  OF  HEAT  TRANSFER  THROUGH  CONDENSER  TUBES— Con. 

MADE  TO  DETERMINE  EFFECT  OF  VARIATIONS  OF  MEAN  TEMPERATURE  DIFFERENCE  ON  HEAT  TRANSFER 


1 
i 

1 

i 

L 

il 

if 

1^ 

bsolute    Pressure    in 
Condenser,      In.     of 
Mercury 

11 

IS 

U 

emperature   of    Out- 
let Water,  Deg.  Fahr. 

•o 

II 

il 

lit 

ill 

H 

" 

m 

tf 

> 

< 

H 

H 

H 

H 

S 

pq 

NO. 

« 

W 

B 

^w 

P 

«8 

<0 

h 

«i-<o 

5m 

t; 

Admiralty  Tube,  1  In.  Outside  Diameter,  18  B.W.G. 


719 

2160 

5.70 

376 

ru 

2.96 

113.8 

100.48 

103.23 

2.75 

11.9 

500 

720 

2160 

1.90 

1114 

2.14 

2.93 

113.8 

110.30 

111.23 

0.93 

3.10 

650 

721 

2085 

1.90 

1068 

2.07 

2.86 

112.8 

109.18 

110.15 

0.97 

3.2 

632 

722 

2102 

6.10 

348 

2.09 

2.89 

112.9 

99.15 

102.13 

2.98 

12.3 

510 

723 

1952 

10.1 

193 

1.93 

2.96 

113.9 

88.67 

94.05 

5.38 

22.5 

467 

724 

2122 

14.1 

151 

2.10 

2.91 

113.1 

80.58 

87.43 

6.85 

29.1 

500 

725 

2141 

22.1 

96.8 

2.12 

2.89 

113.6 

63.5 

64.2 

10.7 

54.7 

418 

726 

2045 

18.9 

108 

2.03 

2.89 

113.5 

61.85 

71.4 

9.55 

46.9 

433 

727 

1895 

..s 

120 

1.87 

2.99 

114.6 

71.03 

79.68 

8.65 

39.2 

418 
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TABLE  6    TESTS  OF  HEAT  TRANSFER 


S3 


Admiralty  Tube,  1  In.    Outside  Diameter,  18  B.W.G 

Copper  Tube,  1  In.  Outside  Diameter,  16  B.W.G 

Cupro-NickelTube,  1  In.  Outside  Diameter,  18  B.W.G 

Old  Admiralty  Tube,  1  In.  Outside  Diameter,  18  B.W.G 

Aluminum-Bronze  Tube,  1  In.  Outside  Diameter,  IS  B.W.G 

MonelTube,  1  In.  Outside  Diameter,  18  B.W.G 

Aluminum-Lined  Tube,  1  In.  Outside  Diameter,  18  B.W.G 

Shelby  Steel  Tube,  1  In.  Outside  Diameter,  18  B.W.G 

Admiralty  Lead-Lined,  1  In.  Outside  Diameter,  0  088  In.  Thick. 

Admiralty-Oxidized,  1  In.  Outside  Diameter,  18  B.W.G 

Zinc  Tube,  1  In.  Outside  Diameter,  18  B.W.G 

Tin  Tube,  1  In.  Outside  Diameter,  0.055  In.  Thick 

Admiralty  Tube,  1  In.  Outside  Diameter,  18  B.W.G 

Copper  Tube,  1  In.  Outside  Diameter,  16   B.W.G 

Admiralty,  Vulc.  Inside,  1  In.  Outside  Diameter,  18  B.W.G.  .    . 
Admiralty,  Vulc.  Botli  Sides,  1  In.  Outside  Diameter,  18  B.W.G.  . . 


0 

Clrculati 
UsedF 
Lb. 

728 

8925 

32.6 

729 

8730 

33.5 

730 

9080 

33.6 

731 

9150 

33.1 

732 

8810 

26.1 

733 

9000 

26.9 

733,4 

8970 

19.7 

734 

8770 

19.1 

735 

9040 

30.4 

736 

8970 

30.2 

9040 
8840 

8650 
8810 

8890 
9040 


24.5 
25.3 

33.5 
33.9 

22.8 
22.0 

27.6 
27.3 


8925 

26.0 

8970 

25.7 

8840 

27.7 

8970 

27.2 

9080 

105 

8970 

101 

8890 

93.1 

8925 

82.7 

9120 

70.5 

8770 

62.0 

8890 

104 

8620 

95.7 

8840 

89.0 

8770 

80.5 

8730 

70.5 

8890 

.59.8 

8925 

51.8 

9040 

71.1 

9080 

99.4 

8970 

117 

9000 

138 

8730 

177 

8730 

186 

8770 

6.4 

9040 

6.6 
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THROUGH  CONDENSER  TUBES 

j^         .     ^  -            £|g  £Q  S^^  g|iJ  £;|^         Isl  ws5„ 

^£       '     "S^"          f^fls  5  5^;3  5=^-^  5=^-3         gsSfe  ffl-tigS 

"I    :  ^^-      ia-3  ifj;  §4  ■   i^""  iT-     ^«^-^  '^^qIs 

^2           is^          |£5  S|^  |«(S  e5(^  SS^     .    11(^1  |5^|og 

Ki|>                     <  H  H  H  H!g  l« 


274  8.83  2.81  114.4  85.75  89.53      3.78  26.8  1257 

260  8.62  2.86  115.7  85.50  89.48      3.98  28.2  1232 

270    ,   9.38  2.93  114.7  85.40  89.23      3.83  27.4  1267 

276  9.42  2.91  114.3  84.78  88.53      3.75  27.6  1243 

337  8.71  2.99  114.9  86.03  89.1      3.07  27.3  988 

334  8.90  2.93  114.1  85,38  88.48      3.10  27.2  1024 

456  8.87  2.96  114.8  84.58  86.85      2.27  29.1  703 

460  8.67  2.96  114.6  85.45  87.70     2.25  28.0  705 

298  8.94  3.12  116.0  85.45  88.93      3.48  28.8  1090 

298  8.87  3.05  114.9  84.62  88.10      3.48  28.5  1092 

368  8.90  2.99  '  113.8  85.18  88.00      2.82  27.2  932 

357  8.94  2.99  114.5  84.92  87.82      2.90  28.1  932 

264  8.99  2.96  115.3   i   84.90  88.83      3.93  28.4  1223 

268  9.21  2.96  115.0  85.28  89.15      3.87  27.8  1262 

395  8.94  3.07  115.6  84.88  87.50     2.62  29.4  805 

401  8.75  2.99  115.1  85.60  88.18      2.58  28.2  808 

309  10.00  3.01  115.1  85.10  88.45      3.35  28.3  1023 

322  10.20  2.99  114.9  85.52  88.75      3.23  27.8  1022 

288  8.79  3.07  115. S  85.38  88.98      3.60  28.1  1136 

282  8.94  3.04  115.0  85.15  88.82  3.67  28.0  1183 

343  8.83   I   3.07  115.6  85.98  89.00  3.02  28.1  958 

348  8.87   '   3.07  115.0  85.48  88.45   I   2.97  28.0  948 

318  8.94  3.14  115.9  86.00  89,25  3.25  28.3  1015 

329  9.07  3.07  115.0  85.48  88,63  3.15  27.9  1009 

86.6  8.98  9.70  161.3  53.30  64.88  11.58  102.2  1027 

89.0  8.87  9.68  160.3  53.55  64.83  11.28   i   101.1  1000 

95.5  8.79  9.68  160.0  63.98  74.48  10.5    i   90.8  1027 

108  j  8.83  9.57  159.3  77.93  87.2  9.27  76.6  1078 
129.4  i  9.02  9.72  160.5  93.00  100,75  7.75  63.6  '  1108 
141.2  8.67  9.75  160.6  101,80  108.9  7.10  55,2  1127 

85.4  8.79  9.84  161.3  55.33  67.08  11.75  100.1   ':        1040 

90.0  8.52  9.78  161.1  62.50  73.65  11.15  93.0  1033 
99.4  8.75  9.85  161.0  72.60  82,7  10.1  83.3  1070 

109  j  8.68  9,71  160.3  81.25  90.45  9.2  74.4  1083 
124  I  8.64  9.73  160.0  92.93  101.03  8.10  63.0  j  1120 
149    '   8.79  9.75  160.5  106.50  113.25  6.75  50.7  1182 

172  9.25  3.02  114.9  56.68   '   62.7  6.02  54.2  992 

127  9. 36  4.97  134.0  56.63  64.68  8.05  73.3  1005 

91.4  9.37  ■  9.82  160.7  56.85   I   67.'83  10.98  98.3  1015 

76.4  9.30  14.79  178.1  56.50  69.45  12.95"  115.1  1007 

65.1  9.34  22.52  197.0  56.65  71.65  15.00  132.8  1017 

49.2  8.65  3.00  117.8  85.95  88.05  2.10  .30.8  596 
47.0  8.65  3.00  117.2  84.45  86.65  2  20  31.6  607 

1380  8.68  3.02  115.7  85.48  86.23  0.75  30.0  219 

1380  8.94  3.07  115.9  85.95  86.70  0.75  29.7  227 
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TABLE  7    CONDENSER  TESTS  * 

MADE  ON  A  CTLINDEICAL  SUEFACE  CONDENSER  CONTAINING  300  SQ.  FT.  OF  TUBE  SURFACE 


1 

s 

1  1 

1 

k 

a  3 
g  o 

2 

1 
II 

r 

.S'S 

§  >>  i 
"Is  i 

< 

a 
1 

m 
•o 

a 

Si 

is.- 

m 

Temperature  Rlse.Water, 
Deg.     Fahr. 

Mean  Temperature 
Difference,  Deg. 
Fahr. 

id 

m 

« 

NO.  1 

i 

w 

R 

Vm- 

V 

: 

to 

h 

«i-«n 

e 

i^d 

u 

1 

1504 

122.0 

0.952 

2.15 

106.7 

85.0 

93.0 

8.0 

17.4  :  15.657 

281 

,2 

1484 

101.2 

0.780 

2.33 

107.7 

85.6 

95.2 

9.6 

16.8   15.657 

286 

3 

1495 

80.3 

0.620 

2.5 

110  5 

85.5 

98.0 

12.5 

18.05  15.657 

275 

4 

1503 

61.1 

0.476 

3.08 

117.5 

86.0 

103.0 

17.0 

21.95  15.657 

237 

5 

1469 

51.5 

0.393 

3.42 

121.0 

85.0 

107.0 

22.0 

23.32  15.657 

237 

6 

1552 

107.0 

0.862 

2.0 

104.7 

80.0 

90.0 

10.0 

19.27  15.657 

293 

7 

1487 

95.7 

0.738 

2.11 

104.3 

79.2 

91.8 

12.6 

18.05  15.657 

332 

8 

1533 

83.0 

0.655 

2.31 

107.4 

80.09 

94.6 

14.51 

19.13  15.657 

321 

9 

1497 

61.4 

0.478 

2.73 

112.8 

81.6 

98.1 

16.5 

21.95  15.657 

224 

10 

1537 

49.25 

0.393 

3.19 

117.8 

80.0 

100.9 

20.9 

25.98  15.657 

199 

11 

1590 

114.0 

0.942 

1.82 

100.0 

74.5 

83.5 

9.0 

20.7  !  15.657 

263 

12 

1542 

78.0 

0.624 

2.09 

104.8 

75.0 

88.5 

13.5 

22.35 

15.657 

242 

13 

1595 

60.2 

0.498 

2.45 

109.2 

75.1 

93.9 

18.8 

23.42 

15.657 

245 

14 

1514 

39.65 

0.312 

3.29 

119.6 

74.97 

101.4 

26.43 

29.5 

15.657 

180 

15 

1600 

103.5 

0.861 

1.58 

94.2 

70.0 

80.0 

10.0 

18.73 

15.657 

293 

16 

1502 

69.5 

0.547 

1.93 

101.0 

70.0 

85.4 

15.4 

22.45 

15.657 

238 

17 

1529 

49.5 

0.393 

2.55 

113.3 

70.0 

92.7 

22.7 

30.6 

15.657 

187 

18 

1510 

39.8 

0.309 

3.12 

117.5 

70.0 

98.5 

28.5 

31.1 

15.657 

183 

19 

1560 

106.0 

0.860 

1.23 

88.7 

65.0 

74.5 

9.5 

18.5 

15.657 

283 

20 

1601 

66.0 

0.550 

1.91 

103.0 

65.05 

81.4 

16:35 

29.05 

15.657 

198 

21 

1520 

49.7 

0.393 

2.32 

111.9 

64.2 

86.7 

22.5 

35.35 

15.657 

161 

22 

1495 

40.2 

0.312 

2.93 

115.5 

65.06 

91.8 

26.74 

35.5 

15.657 

151 

23 

2050 

96.8 

1.030 

2.48 

108.6 

85.0 

96  4 

11.4 

17.28 

15.657 

436 

24 

1993 

79.5 

0.812 

2.8 

113.34 

84.64 

98.8 

14.16 

20.83 

15  657 

335 

25 

2054 

59.2 

0.631 

3.36 

118.9 

85.04 

103.96 

18.92 

23.15 

15.657 

327 

26 

1998 

49.5 

0.875 

3.67 

122.5 

84.9 

108.32 

23.42 

24.03 

15.657 

322 

27 

1964 

101.0 

1.030 

2.28 

106.6 

81.1 

92.9 

11.8 

19.0 

15.657 

412 

28 

1983 

80.0 

0.825 

2.44 

108.3 

80.9 

95.5 

14.6 

19.19 

15.657 

402 

29 

2038 

58.93 

0.622 

2.97 

114.3 

80.1 

99.0 

18.9 

23.5 

15.657 

322 

30 

2068 

47.7 

0.512 

3.45 

119.5 

80.0 

101.6 

21.6 

27.32 

15.657 

260 

31 

1908 

95.0 

0.940 

2.14 

103.3 

75.0 

87.2 

12.2 

21.65 

15.657 

341 

32 

1993 

79.5 

0.823 

2.25 

107.0 

75.7 

90.7 

15.0 

23.0 

15.657 

345 

33 

1986 

49.75 

0.510 

2.82 

114.5 

75.0 

98.0 

23.0 

26.35 

15.657 

288 

34 

2009 

39.1 

0.407 

3.51 

120.3 

75.0 

103.0 

28.0 

29.1 

15.657 

246 

35 

2016 

111.5 

1.170 

1.64 

95.0 

70.2 

78.8 

8.6 

20.2 

15.657 

320 

36 

2076 

76.0 

0.825 

2.03 

104.4 

70.3 

83.8 

13.5 

26.8 

15.657 

265 

37 

2017 

66.8 

1  0.700 

2.1 

105.5 

70.3 

87.3 

17.0 

25.8 

15.657 

297 

38 

1992 

60.25 

!  0.622 

2.08 

103.9 

68.5 

86.15 

1  17.65 

25.6 

15.657 

276 

39 

1963 

50.25 

1  0.512 

i  2.53 

110.0 

70.0 

91.4 

j  21.4 

27.95 

15.657 

252 

40 

2029 

38.7 

i  0.408 

3.27 

119.4 

70.0 

98.3 

'    28.3 

33.3 

15.657 

221 

41 

2106 

94.2 

1.030 

1.52 

92.2 

65.0 

76.0 

1  11.0 

21.2 

15.657 

343 

■Tests  made  by  R.  W.  Allen  and  published  In  Proceedings,  Inst,  of  C.  E.,  Feb.  28,  1905 
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TABLE  7    CONDENSER  TEST— Con. 

MADE  ON   A.  CYLINDRICAL  SURFACE  CONDENSi-R  CONTAINING  300  SQ.  FT.   OF  TUBE  SURFACE 
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Remarks 

Stanton 
One  copper  tube,  0.5  in.  outside 
diameter,  19  B.W.G.,  18  In.  long, 
tube  in  vertical  position.  Water 
circulated  up  in  Tests  1-4,  down 
in  Tests  5-8 

Nichols 
One  brass  tube,  0.75  in.  outside 
diameter,     18     B.W.G.,    65    in. 
long.     Tube    vertical    in    Tests 
9-11,  horizontal  in  Tests   12-14. 
Water  ran  up  In  Tests  9-11 

jnoH  isd 
aoaajagia   'SaQ  ^^d 
•^j[    -bg     jaj^     -n-ra 

b 

314 
376 
411 
547 
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TABLE  10    CONDENSER  TUBE 


1 

Steam  Condensed  Per 
Hour 

Ratio    of    Water    to 
Steam   % 

r 

Absolute    Pressure    In 
Condenser,      In.     of 
Mercury 

Temperature  of  Steam, 
Deg.  Fahr. 

3 

1 
II 

Temperature   of    Inlet 
Water,     Deg.     Fahr. 

Temperature,  of  Outlet 
Water,  Deg  Fahr. 

No. 

W 

B 

^w 

P 

's 

'p 

to 

-. 

1 

2.374 

41.1 

0.057 

1.56 

93.3 

91.55 

41.33 

68.40 

2 

5.818 

17.0 

0.58 

5.00 

134. 

131.5 

41.33 

104.7 

3 

18.93 

40.0 

0.443 

17.99 

187.3 

174.0 

41.28 

66.60 

4 

17.83 

44.7 

0.465 

15.32 

180.0 

167.5 

40.93 

63.78 

6 

11.21 

52.7 

0.346 

9.09 

157.7 

142.9 

40.62 

61.05 

6 

15.50 

40.8 

0.369 

13.33 

174.0 

157.9 

40.66 

66.55 

14 

4.36 

15.6 

0.040 

29.90 

212. 

75.03 

41.68 

119.1 

17 

2.985 

63.5 

0.798 

0.96 

78.0 

73.0 

43.83 

61.7 

18 

2.983 

6.85 

0.086 

18.33 

188.2 

183.8 

43.20 

178.0 

19 

3.27 

13.3 

0.184 

4.97 

133.7 

129.9 

43.91 

123.1 

20 

1.83 

33.4 

0.258 

1.19 

84.5 

78.3 

44.35 

78.15 

21 

11.46 

6.67 

0.322 

25.13 

203.3 

189.0 

43.45 

190.6 

34 

14.81 

44.3 

2.67 

2.16 

104 

103.5 

47.59 

72.6 

35 

30.84 

40.3 

5.24 

7.88 

151.7 

140.8 

47.51 

73.33 

62 

7.40 

64.0 

5.00 

1.115 

82.6 

78.65 

42.93 

61.80 

63 

23.79 

20.7 

5.20 

7.29 

148.7 

138.0 

42.93 

94.70 

64 

44.75 

12.1 

5.72 

27.27 

207.2 

190.1 

42.93 

124.6 

39 

3.023 

19.0 

0.670 

2.19 

104.4 

103.2 

44.11 

101.7 

40 

3.629 

5.90 

0.226 

24.49 

202 

193.0 

45.09 

192.5 

41 

3.399 

39.3 

1.41 

1.04 

80.5 

77.15 

44.82 

73.15 

42 

10.52 

14.7 

1.63 

6.06 

141.3 

121.2 

44.38 

117.8 

43 

8.737 

11.4 

1.05 

6.93 

146.7 

143.4 

44.51 

134.2 

47 

5.559 

81.9 

4.80 

1.59 

93.85 

60.18 

43.71 

57.80 

65 

5.01 

30.1 

1.59 

1.82 

98.2 

82.95 

44.55 

80.30 

66 

13.05 

14.2 

1.95 

5.45 

137.1 

133. 

44.55 

118.0 

67 

25.81 

8.25 

2.24 

22.77 

198.7 

186.5 

44.55 

160.2 

68 

3.22 

9.18 

0.146 

10.06 

161.9 

149.2 

48.91 

153.2 

70 

22.18 

18.1 

2.07 

21.53 

196.0 

178.0 

48.44      : 

107.1 

73 

27.75 

23.6 

3.25 

21.07 

194.9 

179.3 

45.13 

87.4 

76 

2.65 

235. 

3.09 

1.18 

84.45 

65.4 

45.02      ! 

50.56 

83 

3.284 

6.99      . 

0.114 

30.02 

212.3 

96.0 

41.00 

195.2 

84 

26.43 

21.0 

2.17 

28.52 

209.7 

201.2 

56.40 

102.0 

85 

23.75 

19.2 

1.78 

29.54 

211.5 

192.3 

56.40 

108.15 

97 

11.81 

47.7 

0.842 

4.04 

126.1 

120.9 

62.40      : 

85.15 

98 

27.31 

24.2 

0.990 

14.45 

177.4 

168.7 

62.00 

105.25 

99 

38.01 

20.6 

1.17 

24.49 

202.0 

190.6 

61.60 

111.2 

148 

5.14 

23.2        i 

1,44 

1.601 

94.1 

91.1 

40.50 

88.00 

149 

13.63 

10.1 

8.39 

154.2 

150. 

40.50 

142.2 

150 

9.71 

35.0 

4.10 

1.412 

90.1 

82.5 

39.56 

70.4 

151        1 

23.36 

14.9        1 

4.22 

7  192 

148.0 

144.3 

39. 56 

100.0 

'  Tests  made  by  J.  P.  Joule  and  published  In  Phil.  Trans.  Royal  Soc, 
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HEAT  TRANSFER  TESTS* 


Temperature    Rise 
Water,  Deg.  Fahr. 

Mean  Temperature 
Difference,    Deg. 
Fahr. 

Ratio  of  Length  In  Ft. 
to  Diameter  In  In. 

B.t.u.  Per  Sq.  Ft.  Per 
Deg.  Fahr.  Per  Hour 

ti-to              e 

l^d 

U 

27.07 
63.37 
25.32 
22.85 
20.43 
25.89 
.     77.42 

36.85 
55.0 
133 
128.2 
107.1 
120.2 
127.2 

6.35 
6.35 
6.36 
6.35 
6.35 
6.35 
6.35 

108.7 
172 
219 
216 
171 
206 
62.5 

Copper  steam  tube,  4  in.  long,  0.75  in.  outside  diameter,  0.63 
in.  Inside  diameter.  Total  Inside  surface,  0.66  sq.  ft.  Water 
area,  1.0976  sq.  in.  Outer  tube  1.4  in.  inside  diameter.  Flow 
counter-current. 

17.87 
134.8 
79.19 
33.80 
147.15 
25.01 
25.82 

24.2 
50.8 
37.1 
18.3 
58.1 
42.8 
90.6 

6.35 
6.35 
6.35 
6.35 
6.35 
6.35 
6.35 

212 
82 
141 
171 
293.5 
349 
538 

Same  steam  tube.  Outer  tube  0.87  in.  Inside  diameter. 
Water  area  0.1523  sq.  in.  Flow  counter-current  except  Tests 
34  and  35,  in  which  steam  and  water  flow  in  the  same  direction. 

18.87 
51.77 
81.67 

29.4 
77.0 
118.6 
18.5 
52.5 
17.9 
51.9 
42.6 
42.9 

6.35 
6.35 
6.35 
6.35 
6.35 
6.35 
6.35 
6.35 
6.35 

460 
503 
566 

Same  steam  tube.  Outer  tube  0.8  In.  Inside  diameter.  Inner 
tube  rubbed  with  oil.  Water  area  0.0609  sq.  In.  Flow  counter- 
current. 

57.59 
147.41 
28.33 
73.42 
89.69 
14.09 

271 
91 
320 
332 
317 
226 

Same  steam  tube.  Outer  tube  0.8  in.  inside  diameter. 
Water  area  0.0609  sq.  in.     Counter-current. 

35.75 
73.45 
115.65 

32.6 
46.5 
81.8 

6.35 
6.35 
6.35 

250 
442 
456 

Same  tubes.  Oil  cleaned  off  after  Tests  62-64.  Water  and 
steam  in  same  direction. 

104.29 
58.66 
42.27 
5.54 

154.2 

40.7 
115.7 
127.8 
36.7 
67.0 

7.69 
7.69 
7.69 
7.69 
7.69 

139 

389 
398 
173 
97 

Lead  tube  4  ft.  long,  0 .  77  in.  outside  diameter,  0 .  52  in.  inside 
diameter.  Outer  tube  0.87  in.  inside  diameter.  Inside 
surface  0.545  sq.  ft.  Water  area  0.1288  sq.  in.  Counter-current 
flow. 

45.6 
51.75 

128.7                6.65 
127.5                6.65 

.                   Irontube4ft.  long,  0.74  in.  outside  diameter,  0.602  In.  Inside 
diameter.    Outer  tube  0.87  in.  inside  diameter.     Surface  0.63 
,  sq.  ft.    Water  area  0.164  sq.  in.     Counter  current. 

22.75 
43.25 
49.6 

51.5                6.35 
92.1                6.35 
113.5                6.35 

377                Copper  tube  again.     Outer   tube   1.4  in.   inside  diameter. 
470            Spiral  0.1  in.  diameter  copper  wire  30  turns  around  inner  tube— 
518            half  l.h.    Water  area  0.429  sq.  in.     Counter-current. 

47.5 
101.7 
30  84 
69  44 

20.8               6.65 
45.2                6.65 

32.8  6.65 

67.9  -6  65 

431                Iron  tube  as  above.     Outer   tube  0.87  in.  inside  diameter. 
492             Spiral  of  55  turns  0.055  in.  copper  wire  wound  on  inner  tube. 
507            Water  area  0.053  sq.  in.     Tests  148, 149  steam  and  water  in  same 
566            direction.     Tests  150,  151  counter-current. 

1820 
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TABLE  11    CONDENSER  TESTS* 


25000  SQ.  FT.      TWO  PASS.      WATEB  ABBA.      13.22  SQ.  FT.   5960  TUBES,    16  FT.   LONG,    1   IN. 
OUTSIDE  DIAMETEB,   18  B.W.G. 
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« 

No. 

w 

R 

V 

y^ 

«s 

'P 

'o 

h 

h-to 

log 

e  \ 

u 

38 

237480 

53.5 

1.51 

42.7 

92 

71.2 

37.7 

57.3 

19.6 

0.445 

43.8 

227 

39 

187193 

48.2 

1.59 

3.04 

94 

76.2 

39.9 

62.5 

22.6 

0.542 

41.7 

195 

40  170661 

52.9 

1.22 

3.04 

85 

71.0 

32.0 

51.8 

19.8 

0.470 

42.1 

168 

41  :   160229 

46.4 

1.30 

2.50 

87 

73.4 

34.0 

56.8 

22.8 

0.565 

40.3 

168 

42  '  147142 

42.7 

1.32 

2.11 

75.2 

31.8 

56.7 

24.9 

0.588 

42.4 

147 

43 

138766 

44.2 

1.47 

2.06 

91 

80.2 

32.8 

57.1 

24.3 

0.542 

44.8 

132 

44 

122689 

107.7 

0.94 

4.44 

77 

59.4 

31.6 

42.0 

10.4 

0.262 

39.6  j 

139 

48 

114372 

118 

1.20 

4.54 

85 

60.6 

32.9 

42.1 

9.2 

0.1906 

48.3 

103 

51 

133462 

150 

1.18 

6.72 

84 

65.2 

37.5 

43.1 

5.6 

0.1310 

42.7  ! 

104 

54  :  176565 

77.1 

0.94 

4.57 

77 

57.3 

33.5 

47.8 

14.3 

0.3988 

35.6  ' 

218 

55  1  99210 

112 

1.16 

3.73 

84 

58.6 

33.1 

41.3 

8.2 

0.1740 

47.1  j 

77 

56  ,  158112 

63.4 

1.02 

3.37 

80 

60.7 

33.4 

50.1 

16.7 

0.4447 

37.5 

178 

57  ;  182508 

77.5 

0.86 

4.75 

74 

53.2 

33.3 

47.6 

14.3 

0.432 

33.1  1 

244 

58  '  81533 

153 

0.98 

4.20 

78 

53.9 

33.2 

39.5 

6.3 

0.151 

41.7 

75 

59  120863 

108 

0.94 

4.67 

77 

59.1 

33.4 

43.7 

10.3 

0.270 

38.2 

141 

60  141930 

82.9 

0  88 

3.94 

75 

59.6 

33.3 

46.0 

12.7 

0.365 

34.8 

172 

61  143958 

108 

1.00 

5.22 

79 

61.7 

33.1 

47.2 

14.1 

0.365 

38.6 

227 

62  1  206603 

49.0 

1.18 

3.41 

84 

62.8 

33.6 

56.0 

22.4 

0.588 

38.1 

239 

5  '  150170 

89.0 

1.89 

4.50 

100 

88.1 

72.1 

84.0 

11.9 

0.554 

21.5 

296 

6  167190 

8.05 

1.58 

4.52 

94 

87.6 

74.7 

87.7 

13.1 

1.135 

11  7 

605 

7  1  164945 

78  3 

1.37 

4.35 

85.5 

72.5 

85.0 

13.5 

1.703 

7.91 

889 

8  161612 

86.5 

1.48 

4.70 

92 

86.9 

74.4 

86.6 

12.3 

1.182 

10.3 

659 

9  164458 

79.0 

1.74 

4.36 

97 

87.8 

72.8 

86.3 

13.5 

0.815 

16.6 

426 

10  185100 

93.5 

2.01 

5.82 

102 

89.5 

72.0 

83.3 

11.3 

0.470 

24.0 

325 

11  136850 

94.5 

2.00 

4.35 

102 

87.3 

72.4 

83.5 

11.1 

0.470 

23.6  j 

243 

12  192290 

76.5 

1.93 

4.94 

100 

90.7 

75.4 

89.2 

13.8 

0.820 

16.8  j 

484 

13  156470 

96.0 

1.94 

5.06 

100 

88.2 

72.8 

83.8 

11.0 

0.519 

21.2  1 

311 

14  176210 

78.6 

1.63 

4.65 

94 

86.4 

73.0 

86.6 

13.6 

1.044 

13.1 

576 

15  1  167103 

69.0 

2.41 

3.88 

107 

91.8 

78.2 

93.5 

15.3 

0.751 

20.4 

347 

16  167088 

82.0 

2.50 

4.61 

109 

92.9 

78.6 

91.5 

12.9 

0.554 

23.2 

303 

17  179170 

81.0 

2.30 

4.86 

106 

86.4 

73.6 

86.7 

13.1 

0.519 

25.3  i 

300 

18  :  149148 

98.0. 

2.27 

4.92 

106 

89.7 

72.8 

83.6 

10.8 

0.382 

27.5 

229 

19  201351 

66.0 

2.14 

4.46 

104 

90.9 

72.2 

88.2 

16.0 

0.698 

22.9 

371 

20  196680 

51.0 

2.17 

3.37 

104 

90.3 

72.6 

93.7 

21.1 

1.105 

19.1  j 

444 

21  '  144399 

85.0 

1.89 

4.13 

99 

87.8 

72.5 

84.4 

11.9 

0.593 

20.1 

291 

23  195514 

75.5 

2.20 

4.95 

105 

91.1 

73.0 

87.0 

14.0 

0.571 

24.5 

337 

24  '  173150 

78.5 

2.13 

4.56 

103 

89.8 

73.3 

86.8 

13.5 

0.599 

22.5  1 

326 

25  1  134635 

101 

2.14 

4.56 

104 

88.8 

72  3 

82  8 

10.5 

0.399 

26.3 

207 

26  i  161983 

91.0 

2.44 

4.93 

108 

88.2 

73.1 

84.9 

11.8 

0.412 

28^ 

246 

*  Tests  run  on  59th  Street  Exhaust  Turbine  Base  Condenser  by  H.  G.  Stott  and  R.  J.  S.  Pigott  and 
published  In  The  Journal  of  the  Society,  March  1910. 
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TABLE  12    HEAT  TRANSMISSION' 


Be 


1^ 


1739 
1992 
1844 


1781 


998  ;  1121 

999  I  1101 
1000  I  1073 
1005  1517 

1007  I  1400 

1008  1781 

1009  I  1716 

1010  1987 

1011  i  1840 

1014  :  1265 

1015  1302 

1016  j  1194 

1017  1191 

1018  1170 

1031  I  1180 

1032  1148 
1681 


1034 
1035 


1570 
1848 


1055 

1056  2214 

1057  I  2288 

1058  I  1788 


1059 
1060 
1061 


1092 
1093 
1100 
1099 


1753 
1776 
1722 


1157 
1105 
1649 
1646 

I  I  1098   1559 

^   I  1095   2191 

'  1096  '  2099 

,  1097  :  2010 

I 


31.8 
28.2 
24.6 
17.7 
13.3 
8.5 

49.2 
41.1 
34.5 
24.2 
11.6 
30.9 
26.7 
18.4 
14.3 

45.9 
35.9 
30.7 
22.3 
13.8 
22.4 
51.5 
35.3 
16.8 
14.2 

26.0 
20.5 
15.3 
31.3 
25.7 
19.9 
14.4 

47.6 
32.1 
33.6 
22.1 
13.9 
25.7 
17.2 
10.4 


4.45  1.36 

4.52  1.63 

3.66  2.03 

2.85  2.46 

2.06  3.97 

1.24  11.94 


88.9 
94.7 
101.9 
108.4 
125.4 
169.2 


6.38 
5.20 
4.23 
4.21 


6.37 
5.28 
4.21 
3.00 

4.56 
3.66 
2.85 
2.04 
1.22 
2.03 
4.65 
4.66 
2.04 
2.03 

4.63 
3.67 
2.83 
4.51 
3.53 
2.85 
2.01 

6.48 
4.17 
6.47 
4.17 
2.40 
6.52 
4.17 
2.39 


0.80  72.6 
0  80  72.6 
0.90  76.2 
1.41  I  90.1 
5.36  j  136.6 
1.16  I  83.9 
1.21  85.2 
2.13  103.3 
3.33  119.0 


1.03 
1.03 
1.18 
1.55 
3.93 
1.47 
0.95 


2.56 
3.48 

1.95 
2.70 
4.43 
1.68 
1.92 
2.65 
4.40 

0.98 
1.13 
0.90 
1.40 
2.90 
1.43 
2.30 
5.70 


80.2 
80.2 
84.4 

125.0 
91.4 
77.8 
78.7 
110.0 
120.5 

100.4 
1)1.6 
129.4 
95.7 
100.0 
111.1 
129.0 


83.1 
76.1 
90.0 
114.0 
90.5 
106.0 
139.0 


90.0  45.3  75.3  |  30.0  ,  1.1663  25.7  646 
92.4  45.2   79.0  [  33.8  I  1.1474  29.5  645 

97.1  45.3  j  85.0  j  39.7  |  1.2090  32.8  i  549 
112.0  '  45.5  101.0  I  55.5  j  2.1401  25.9  '  753 
128.9  45.7  I  118.7  I  73.0  I  2.4759  :  29.5  623 


171.6   46.0  !  161.7  115.7  2.7972  !  41.4 


72.2 
75.1 
79.5 
95.4 
138.6 
88.2 
90.09 
106.1 
121.9 

76.3 
79.9 
86.2 
95.3 
123.5 
90.2 
76.5 
77.5 
109.7 
121.9 

101.3 
114.0 
132.0 
104.0 
106.0 
115.3 
132.0 

75.0 
81.7 
78.7 
94.0 
120.0 
88.0 
107.7 
142.0 


46.0 
46.0 
46.2 
46.5 
47.5 
46.5 
46.8 


46.0 
46.0 
46.1 
46.3 
46.9 
42.6 
42.0 
42.0 
42.5 
42.5 

41.3 
41.4 
41.5 
41.2 
41.4 
41.5 
41.7 


44.1 
40.0 
40.0 
40.0 
40.0 
40.0 
40.3 


70.5 
75.8 
89.8 
135.6 
81.3 
84.6 


68.0 
72.5 
78.7 
88.3 
119.7 
84.5 
60.8 
68.5 
102.0 
114.0 

77.2 
88.3 

104.3 
72.0 
79.3 
89.7 

108.0 


72.5 
62.6 
82.0 

107.6 
76.2 
95.3 

129.7 


.7    I  20.7  I  1.504 


24.5 

2.53 

29.6 

4.32 

43.3 

4.98 

88.5 

4.48 

34.8 

2.667 

37.8 

4.15 

55.1 

3.51 

71.3 

4,50 

22.0 
26.5 
32.6 
42.0 
72.8 
41.9 
18.8 
26.5 
59.5 
71.5 

35.9 
46.9 
62.8 
30.8 
37.9 
48.2 
66.3 

18.3 
28.4 


36.2 
55.3 
85.4 


1.4907 
1.9051 
2.2762 
2.686 
1.943 
0.7324 
1.2809 
2.1318 
2.4849 

0.9322 
1.1019 
1.2528 
0.8329 
1.0403 
1.1787 
1.4255 

0.7975 
1.3029 
0.9821 
2.1199 
2.459 
1.2613 
1.8197 
2.3656 


19.6 
13.0 
9.11 
15.7 
15.8 

21.2 
17.7 
17.1 

18.5 
27.1 
21.5 
25.8 
20.7 
27.9 
28.8 

38.5 
42.7 
50.1 
37.1 
36.4 
40.9 
46.6 

23.0 
21.8 
24.1 
19.8 
27.5 
28.7 
30.4 
36.1 


422 


13.15|  829 

9.68;  1145 

6.86J  1600 

8.69  1830 


729 
1465 
1905 


433 
512 
433 

759 
561 
653 


806 
705 
753 
757 
672 
570 


745 

876 
1242 

859 
1145 
1060 

797 


*  Test  made  by  R.  L.  Welghton  and  published  in  the  Proceedings  of  the  I.  N.  A.,  April  5,  1906. 

f  Series  A — 100  Sq.  ft.  surface— Ordinary  air  pump.      Tubes  |  in.  outside  diameter,  16  ft.  total  length 

Series  B — 100  sq.  ft.  surface — Dry  air  pump-cores. 

Series  C— lOOsq.  ft.  surface— Dry  air  pump. 

Series  E—  62  sq.  ft.  surface — Ordinary  air  pump.    Tubes  |  In.  outside  diameter,  10  ft.  total  length. 

Series  F —  62  sq.  ft.  surface — Dry  air  pump-cores. 
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TABLE  13    CONDENSER  TESTS* 


E 

1 

i 

k 

3    1 

II 

a 

ll 

O  o  ** 

a 

1 

o5 

1   . 

as 

J 

'A 
1 

11 
II 

4 



M 

rt 

< 

■^ 

H 

R 

H 

H 

H 

H 

No. 

w 

n 

Vw 

V 

's 

*P 

to 

'a 

«b 

*c 

1 

4000 

51.4 

1.15 

82.25 

58.45 

50.39 

51.7 

61.6 

65.9 

2 

3985 

34.6 

1.39 

90.0 

68.9 

50.42 

52.6 

69.9 

75.35 

3 

4023 

24.0 

2.05 

102.0 

79.5 

50.37 

61.1 

80.7 

87.8 

4 

4050 

18.73 

c? 

2.79 

113.0 

89.6 

50.4 

65.4 

90.5 

99.0 

5 

2453 

86.7 

" 

0.98 

79.9 

52.7 

50.4 

50.62 

54.7 

57.5 

6 

2427 

49.8 

3 

1.06 

81  9 

54.0 

50.4 

50.93 

60.4 

65.8 

7 

2421 

37.8 

H 

1.16 

84.6 

56.65 

50.42 

53.05 

67.55 

72.85 

8 

2421 

30.15 

1 

1.42 

90.0 

65.65 

50.42 

56.57 

73.9 

79.35 

9 

2417 

22.87 

1.95 

101.0 

75.55 

50.43 

60.9 

83.8 

90.15 

10 

2457 

16.7 

3.05 

115.5 

93.0 

50.45 

67.6 

99.15 

106.5 

101 

12800 

98 

1.10 

80.6 

68.9 

49.1      1 

102 

7740 

169 

0.90 

75.2 

58.1 

49.1 

103 

1876 

596 

0.70 

68.0 

47.3 

45.5 

111 

154,400 

21.1 

7.52 

5.27 

133 

59.2      \ 

73.4 

6-1 

7665 

32.6 

1.55 

93.2 

65.85 

50.76 

6-2 

4837 

43.1 

0.93 

80.6 

57.2 

50.76 

6-3 

6250 

38.4 

1.11 

84.25 

62.42 

50.76 

6-5 

7685 

32.1 

1.98 

102.05 

79.17 

50.76 

1 

6-6 

5890 

40.4 

1.49 

93.55 

71.08 

50.76 

6-7 

4750 

44.1 

1.30 

90.95 

68.6 

50.76 

6-8 

6070 

41.9 

1.40 

92.15 

70.0 

50.76    ! 

4-1 

6870 

39.2 

1:275 

1.15 

82.3 

64.4 

50.55 

61.1 

4-2 

7018 

28.5 

0.945 

1.52 

92.3 

69.1 

50.55    ' 

68.6 

4-3 

6890 

22.1 

0.719 

2.04 

102.3 

77.7 

50.71 

79.5 

4-4 

7133 

17.4 

0.588 

2.87 

114.1 

87.5 

50.55 

93.8 

411 

7133 

36.9 

1.246 

2.16 

104.2 

87.3 

71.9 

88.3 

410 

5760 

46.0 

1.256 

1.67 

95.6 

80.8 

70.2 

82.5 

412 

3898 

67.3 

1.241 

1.32 

88.9 

•77.7 

71.6 

79.0 

4-8 

6865 

24.9 

0.810 

1.79 

97.9 

71.4 

50.55 

75.6 

4-9 

4542 

38.0 

0.816 

1.12 

81.9 

62.8 

50.55 

63.35 

413 

3221 

54.5 

0.829 

0.80 

72.7 

58.1 

50.36 

55.5 

414 

3182 

82.3 

1.239 

0.65 

66.6 

54.5 

50.36 

51.1 

4-5 

7200 

19.6 

0.668 

2.48 

108 

82.7 

50.55 

85.15 

4-6 

7050 

19.9 

0.663 

2.93 

114.1 

69.7 

50.55 

62.41 

4-7 

6975 

20.2 

0.668 

3.40 

119.8 

61.2 

50.55 

54.05    ' 

•  Tests  made  by  E.Josse  and  published  in  ZeitschrlftdesVerelnes  deutseher  Ingenleure,  February-March  1906. 

I 
t    ,  and  U  figured  on  inside  diameter  of  tubes  in  all  tests 
a 

%  Test  111  was  on  a  turbine  conden.9er  with  8085  sq.  ft.  of  surface,     Number  and  size  of  tubes  not  given 
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TABLE  13    CONDENSER  TESTS— Con. 


M 

r^fl 

Sis? 

kP^ 

o^ 

0) 

flnflH 

"3fe 

ll 

t   - 

CI   0 

i 

eg 

CCiC 
0^^ 

Ill 

e| 

2q5 

§5 

5l 

H 

H 

§ 

« 

a 

71.23 

20.84 

19.60 

23. 6t 

710 

1.0613 

81.15 

30.73 

20.50 

23.6 

673 

1.4974 

94.1 

43.73 

23.3 

23.6 

590 

1.8779 

105.7 

55.3 

25.7 

23.6 

531 

2.1494 

62.37 

11.97 

23.1 

23.6 

359 

0.5188 

71.2 

20.8 

19.3 

23.6 

425 

1.0791 

77.9 

27.48 

16.9 

23.6 

485 

1.6292 

84.4 

33.98 

17.38 

23.6 

464 

1,9559 

95.8 

45.37 

19.95 

23.6 

408 

2.2742 

111.7 

61.25 

15.95 

23.6 

512 

3.8396 

59.9 

55.4 

47.3 

tl03.5 


Double  condenser  of  307  sq.  ft.  surface. 
Tubes  0.59  In.  Inside  diameter  in  upper  and 
0.51  in.  inside  diameter  in  lower  shell.  620 
tubes.     Length  of  water  passage  13.93  ft. 


10.8 
6.3 
1.8 


25.8 
22.75 
21.5 


0.4187 
0.277 
0.0839 


Surface  1883  sq.  ft.,  size  of  tubes  not  reported. 


83.70 

32.94    1 

22.0 

388 

1.497 

75.4 

24.66 

14.1 

378 

1.748 

78.4 

27.66 

15.85 

435 

1.746 

82.6 

31.86 

32.8 

250 

0.9708 

76.85 

25.99 

27.65 

234 

0.940 

75.15 

24.39 

26.15 

203 

i    0.9322 

75.7 

24.94    1 

27.0 

243 

0.9243 

77.8 

27.25    i 

13.95 

21.3 

553 

1.953 

88.3 

37.75 

16.1 

21.3 

488 

2.344 

98.8 

48.09 

17.89 

21.3 

431 

2.689 

110.1 

59.55 

21.5 

21.3 

395 

2.766 

100.9 

29.0 

12.7 

21.3 

630 

2.281 

93.1 

22.2 

9.59 

21.3 

640 

2.318 

87.4 

15.8 

6.46 

21.3 

668 

2.444 

93.9 

43.35 

17.53 

21.3 

443 

2.470 

79.15 

28.6 

11.75 

21.3 

441 

2.434 

69.95 

19.59 

9.36 

21.3 

379 

2.094 

63.35 

12.99 

8.07 

21.3 

441 

1.609 

104.6 

54.05 

19.11 

21.3 

418 

2.827 

104.9 

54.35 

28.1 

21.3 

283 

1.933 

104.9 

54.35 

35.4 

21.3 

227 

1.535 

Condenser  of  959  sq.  ft.  surface.  In  Tests 
1-3  the  tube  contained  spirals.  Tests  5-8 
had  plain  tubes. 


Double  condenser.  Total  surface  962  sq. 
ft.  688  tubes  708  in.  inside  diameter,  787  in. 
outside  diameter,  half  in.  In  each  section. 
Area  water  pass  0.94  sq.  ft.  Total  length  water 
pass  15.08  ft. 


TABLE  13a       TESTS  1  TO  10 

WATEB  VELOCITIES,  FT.  PER  SEC. 


i 

2    I      3 

4 

3.705  2,60 
1.71     1.194 
2.4241  1.70 
2.04     1.43 

2.035 
0.94 
1.33 
1.12 

Upper  Tubes i  5.52 

Center  (Cross)  Tubes.   2.54 

Lower  Tubes |  3.61 

Lower   Condenser i  3 .  03 


Upper 
Condenser 


5.72  1  3.25  j  2.46 

2.63  1.50  I  1.135 

3.74  I  2,13  I  1.61 

3.15  1.79     1.35 


1.4841  1.10 

0.907   0.684!  0.51 

1.29  j  0.973  0.723 

1.08  I  0.815i  0.605 
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TABLE  14    HEAT  TRANSMISSION  TESTS  * 

MADE  ON   TUBE    OF   SHELBY   COLD   DRAWN  STEEL,    1.253   IN.   OUTSIDE   DIAMETER,   0.985  IN.  INSIDE    DIAMETER, 

I 
6  FT.  7j  IN.  LONG  INSIDE  CONDENSERf,    T=  5-27,  iS  =  2.14  SQ.  FT. 
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1 

19100 

16.07 

14.38 

210.9 

56.92       66.75 

9.83 

0.0658 

149.0 

587 

2 

15800 

80.2 

13.29 

14.38 

210.9 

58.20  :     70.25 

12.05 

0.0824 

146.3 

608 

3 

14150 

72.4 

11.93 

14.38 

210.9 

58.55  ,    71.90 

13.35 

0.0915 

146.0 

605 

4 

12250 

66.4 

10.33 

14.38 

210.9 

58.63  i    73.20 

14.57 

0.1027 

141.9 

588 

■^ 

5 

10560 

58.1 

8.90 

14.38 

210.9 

58.20  '    74.82 

16.62 

0.1142 

145.0 

565 

s 

6 

8820 

55.6 

7.43 

14.38 

210.9 

57.89      75.28 

17.39 

0.1221 

142.5 

503 

s 

7 

7200 

47.6 

6,07 

14.38 

210.9 

58.20      78.52 

20.32 

0.1424 

142.6 

480 

8 

4860 

36.9 

4.11 

14.38 

210.9 

58.29      84.49 

26.20 

0.1890 

138.6 

430 

9 

3310 

28.7 

2.80 

14.38 

210.9 

58.37      92.00 

33.63 

0.2493 

135  0 

385 

10 

1740 

19.5 

1.48 

14.38 

210.9 

58.91     108.4 

49.50 

0.3934 

126.0 

319 

11 

427 

8.3S 

0.37 

14.38 

210.9 

60.10     175.5 

115.4 

1.4481 

79.8 

289 

1 

19900 

62.3 

16.78 

44.49 

273.  G 

58.55       73.35 

14.80 

0.0724 

204.5 

673 

2 

14680 

46.5 

12.37 

45.08 

274.4 

58.32  1    78.12 

19.80 

0.0962 

206.0 

658 

3 

17670 

53.3 

14.89 

44.56 

273.7 

58.15  :     75.45 

17.30 

0.0816 

212.0 

673 

CQ 

4 

12030 

40.0 

10.15 

44.71 

273.9 

57.90      80.94 

23.04 

0:il33 

203.0 

638 

5 

9350 

33.2 

7.89 

44.85 

274.1 

58.03  1    85.83 

27.80 

0.1354 

205.0 

591 

1 

6 

6970 

25.5 

5.88 

44.85 

274.1 

58.10  1    92.88 

34.78 

0.1757 

198.0 

572 

cc 

7 

3458 

16.0 

2.94 

44.85 

274.1 

62.87  '  120.46 

57.59 

0.3185 

181.0 

514 

8 

4580 

20.4 

3.89 

45.15 

274.5 

63.28 

108.5 

45.22 

0.2398 

188.5 

514 

9 

2141 

11.2 

1.84 

45.15 

274.5 

63.73 

145.9 

82.17 

0.4947 

166.0 

494 

10 

1680 

9.74 

1.45 

45.08 

274.4 

67.55 

162.2 

94.65 

0.6114 

165.0 

480 

1 

20870 

51.5 

17.64 

74.15 

306.6 

67.54 

85.00 

17.46 

0.0770 

227.0 

750 

2 

18400 

45.7 

15.50 

74.15 

306.6 

67.54  ;    87.19 

19.65 

0.0862 

228.0 

741 

O 

3 

13570 

34.9 

11.43 

74.05 

306.5 

67.54       93.30 

25.76 

0.1142 

225.0 

725 

1 

4 

6280 

18.3 

5.33 

74.37 

306.8 

58.73  j  107.7 

48.96 

0.2199 

223.0 

645 

w 

5 

4910 

15.2 

4.17 

74.59 

307.0 

58.89  :  118.05 

59.16 

0.2715 

218.0 

622 

6 

3720 

12.7 

3.17 

74.59 

307  0 

59.27 

129.7 

70.43 

0.3345 

210.0 

582 

7 

2550 

9.47 

2.19 

75.03 

307.4 

59.52 

154.35 

94.83 

0.4806 

197.0 

574 

1 

20320 

38.6 

17.13 

103.7 

330.2 

57.67 

80.50 

22.83 

0.0872 

262.0 

830 

Q 

2 

16630 

33.7 

14.05 

103.4 

330.0 

57.67 

83.88 

26.21 

0.1018 

258.0 

790 

3 

12300 

27.0 

10.39 

103.4 

330.0 

58.28 

90.92 

32.64 

0.1284 

254.0 

740 

1 

4 

9530 

22.2 

8.06 

103.7 

330.2 

58.17 

97.90 

39.73 

0.1579 

252.0 

702 

M 

5 

.5000 

14.2 

4.25 

103.7 

330.2 

58.50 

120.6 

62.10 

0.2586 

240.0 

604 

6 

2680 

8.60 

2.31 

103.7 

330.2 

58.89 

161.5 

102.61 

0.4762 

215.0 

597 

*  Tests  made  by  J.  K.  Clement  and  C.  M.  Garland  and  published  in  Bulletin  40  of  the  University  of 
Illinois,  September  27,  1909. 

1The  condenser  was  a  specially  designed  apparatus  for  experimental  work  at  the  Engineering  Experi- 
ment Station  of  the  University  of  Illinois. 


APPENDIX  NO.  2 

REVIEW  OF  RESULTS  OBTAINED  BY  DIFFERENT 
EXPERIMENTERS 

CONDENSER  TUBE  EXPERIMENTS  BY  J.  P.   JOULE 

Philosophical  Transactions,  Royal  Society,  1861 

43  The  apparatus  used  in  these  tests  consisted  of  a  steam  boiler,  with  a 
1-in.  pipe  leading  to  a  vertical  condenser  tube  enclosed  by  a  water  pipe  of 
slightly  greater  diameter.  The  steam  was  condensed  in  passing  downward 
through  the  condenser  tube,  and  the  water  of  condensation  ran  out  the  bottom, 
where  it  was  collected  and  weighed  in  a  suitable  tank.  The  cooling  water  was 
brought  into  the  water  jacket  at  either  top  or  bottom  and  taken  from  the  other 
end  to  another  tank  to  be  weighed.  Thus,  either  counter-flow  or  parallel-flow 
was  obtained,  the  cooling  water  passing  through  the  annular  space  around  the 
condenser  tube  while  the  steam  passed  on  the  inside  of  the  tube.  Suitable 
thermometers  and  mercury  columns  were  provided  to  determine  the  tempera- 
ture and  pressure  of  the  steam,  the  head  on  the  circulating  water,  temperature 
rise  of  the  water  and  the  mean  temperature  difference. 

44  The  tubes  used  were  of  various  sizes,  thicknesses  and  material  and  the 
water  pipe  also  varied  in  size.  For  some  tests  helical  channels  were  provided 
for  the  water  by  winding  wire  on  the  inner  tube,  giving  the  circulating  water  a 
whirling  motion.  The  length  of  the  tests  varied  from  twenty  minutes  to  an 
hour. 

CONCLUSIONS 

45  The  following  is  a  summary  of  his  principal  conclusions: 

a    The  pressure  in  the  vacuous  space  is  sensibly  equal  in  all  parts. 

b  In  the  arrangement  in  which  the  steam  is  introduced  into  a  tube 
whilst  the  refrigerating  water  is  transmitted  along  a  concentric  space 
between  the  steam  tube  and  a  larger  tube  in  which  it  is  placed,  it  is 
a  matter  of  indifference  in  which  direction  the  water  is  transmitted, 
hence, 

c    The  temperature  of  the  vacuous  space  is  sensibly  equal  in  all  parts. 

d  The  resistance  to  conduction  is  to  be  attributed  almost  entirely  to 
the  film  of  w^ater  in  immediate  contact  with  the  outside  and  inside 
surfaces  of  the  tube  and  is  little  influenced  by  the  kind  of  metal 
of  which  the  tube  is  composed,  or  by  its  thickness  in  the  limits  of 
ordinary  tubes,  or  even  by  the  state  of  its  surface  as  to  greasiness  or 
oxidation. 
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The  narrowing  of  the  steam  space  by  placing  a  rod  in  the  axis  of  the 
steam  tube  does  not  produce  any  sensible  effect. 

The  conductivity  increases  as  the  rapidity  of  the  stream  of  water  is 
augmented.  In  the  circumstances  of  my  experiments,  the  conduc- 
tion was  nearly  proportional  to  the  cube  root  of  the  velocity  of  the 
water;  but  at  very  low  velocities  it  evidently  increases  more  rapidly 
than  according  to  this  law,  whilst  at  very  high  velocities  it  increases 
less  and  less  rapidly  as  it  gradually  approaches  a  limit  determined  by 
the  resistance  of  the  metal  and  of  the  film  of  water  adhering  to  the 
inside  surface  of  the  tube. 


Jlereury 
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Fig.  12     Joule's  Apparatus 


The  conductivity  increases  so  slowly  in  relation  to  the  height  of  the 
head  of  water,  that  the  limit  to  the  economical  increase  of  the  latter 
is  soon  attained. 

By  means  of  a  contrivance  for  the  automatical  agitation  of  the  parti- 
cles of  the  refrigerating  stream,  such  aS  the  spirals  I  have  employed, 
an  improvement  in  the  conductivity  for  a  given  head  of  water  is  ob- 
tained. 

The  total  heat  of  steam  above  0  deg.  cent,  determined  by  the  average 
of  151  experiments,  is  644.28  heat  units  for  a  pressure  of  47.042  in. 
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EXPERIMENTS   ON   SURFACE   CONDENSATION 

Abstract  of  a  Paper  by  James  Alexander  Smith,   Read  Before  the 
Victorian  Institute   of  Engineers,   December  6,  1905 

Engineering,  March  23,  1908 

46  This  paper  is  a  sequel  to  a  former  paper  on  Air  in  Relation  to  Boiler  Feed, 
Engineering,  October  7,  1904. 

47  The  preliminary  experiments  were  made  with  closed  glass  tubes  containing 
bromine  both  with  and  without  air  in  the  vapor  space.      The  low  boiling  point. 
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Fig.  13    Variation   of  Heat  Transmission  with  Air 


deep  non-actinic  color  of  the  vapor  and  strong  russet  red  of  the  condensed  films 
made  the  processes  of  diffusion  and  condensation  easy  to  follow.  The  final 
apparatus  consisted  of  a  boiler  3  ft.long,7J  in.  in  diameter,made  of  No. 19  B.W.G. 
galvanized  sheet  steel  with  joints  folded,  soldered  and  tarred.  The  leakage 
was  only  sufficient  to  reduce  the  mercury  gage  level  7)0  of  an  inch  in  24  hours. 
The  boiler  was  heated  externally  by  60  gas  jets  each  \  of  an  inch  in  diameter. 
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The  boiler  was  provided  with  glass  windows  for  observation  of  the  interior 
and  the  standard  mercury  columns,  thermometers,  etc.  The  condensing  tubes 
were  in  two  lengths  about  3  ft.  long,  making  an  effective  length  of  about  6 
ft.  The  external  surface  exposed  to  the  vapor  was  exactly  1  sq.  ft.,  external 
diameter  of  the  tubes  about  f  in.  thickness  0.018  in.,  sectional  area  of  the  inside 
tube  0.2G  sq.  in.    Tubes  were  hard  drawn  brass. 
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Fig.  14    Variation  of  Heat  Transmission  with  Air 


48  Constant-flow  apparatus  was  provided  for  the  condensing  water  so  that 
various  quantities  from  2|  lb.  to  20  lb.  per  min.  could  be  passed  through  the 
tube.  Apparatus  was  provided  whereby,  after  the  boiler  was  freed  from  air,  a 
known  amount  of  air  at  a  noted  pressure  and  temperature  could  be  added  to  the 
contents  of  the  boiler. 
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TESTS 

49  A  series  of  tests  run  to  determine  the  effect  of  air  admixture.  Air-free 
steam  was  condensed  at  vacuums  varying  from  70  deg.  to  140  deg.  at  10  deg. 
intervals.  Air  was  then  added  in  varying  quantities  and  the  process 
"repeated.  Another  set  of  tests  was  made  in  which  the  condenser  was  main- 
tained at  constant  temperature,  while  air  in  the  mixture  was  varied  at  definite 
intervals.     In  both  series  the  cooling  water  flowed  at  the  constant  rate  of  10 
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lb.  permin.  and  the  cooling  surface  was  1  sq.  ft.  From  these  experiments  it 
was  determined  that  with  constant  flow  and  surface  and  air-free  steam  the 
temperature  increment  of  the  cooling  water  is  in  a  constant  ratio  to  the  temper- 
ature increment  of  the  steam,  at  least  to  a  first  approximation. 

50  The  presence  of  air  in  the  condenser,  equal  in  pressure  to  2V  of  an  in. 
of  mercury  will  at  90  deg.  fahr.  reduce  thermal  transmission  about  25  per  cent, 
while  2^V)  of  an  in.  of  mercury  of  air  pressure  will  reduce  the  thermal  transmission 
by  one-half. 

Corollary  1    The  rise  in  water  temperature  is  proportional  to  the  initial 

steam  and  water  differences  of  temperatures. 
Corollary  2     Each  decrement  of  condenser  temperature  requires  a  pro- 
portional increment  of  cooling  surface,  provided  the  tube  length  is 
constant. 
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51  Experiments  were  made  to  determine  the  law  of  the  rise  of  temperature 
of  the  cooling  water  in  the  tube,  and  points  were  taken  1  ft.  apart  in  the  6  ft. 
of  length  of  tube,  making  seven  points  in  all.  The  temperatures  observed  at 
these  points  under  various  conditions  were  plotted  and  found  to  lie  along  an 
exponential  curve,  the  observed  points  varying  no  more  than  0.4  of  one  degree 
from  the  calculated  curve.  When  air  was  admitted  to  the  steam  the  curve  was 
considerably  flatter  than  with  air-free  steam.  From  this  it  is  deduced  that 
economy  requires  the  use  of  relatively  short  tubes. 

52  Experiments  were  also  made  to  determine  the  variation  of  the  heat  trans- 
mission with  the  rate  of  flow  of  the  cooling  water.  These  experiments  did  not 
go  beyond  a  water  velocity  of  2J  ft.  per  sec,  but  the  tubes  were  small  and  in 
all  cases  the  water  was  probably  above  the  critical  velocity.  With  air-free 
steam  the  transmission  at  5,  10  and  15  lb.  per  min.  was  in  the  ratio  of  1  to  1.64 
to  2.10,  while  with  2.22  in.  of  air  pressure  by  mercury  gage  with  the  same  flows 
the  ratios  were  1  to  1.31  to  1.52. 

AIR   PUMPS 

53  It  is  stated  that  if  air  is  present  only  to  the  extent  of  2V  of  an  inch  of  mer- 
cury the  ratio  of  the  effective  volume  of  the  air  pump  to  boiler  feed  is  20  to  1. 
The  air  pump  must  be  separate  from  the  water  removing  pump.  Air  pump 
inlets  should  be  multiplied  in  number  and  so  situated  that  the  concentrating 
air  in  the  vapor  will  pursue  the  course  of  shortest  contact  with  the  cooling  sur- 
face; no  dead  spaces  should  be  possible. 

54  The  author's  conclusions  are: 

a     If  high  vapor  vacua  are  required  air  must  be  excluded. 

b  With  high  vacua  climatic  conditions  are  limiting  factors  and  must 
be  specially  considered. 

c  In  the  absence  of  exact  knowledge  the  impossibility  has  been  at- 
tempted in  design.  Only  by  rational  condenser  proportion  will  it 
be  possible  to  push  the  efficient  expansion  of  steam  to  those  limits 
that  recent  improvements  in  motors  seem  to  render  easy  of  attain- 
ment. 

TESTS  BY  GUSTAV  A.  HAGEMANN 
Proceedings  of  Institution  of  Civil  Engineers.    Vol.   77.   p.  311,   1883 

55  The  author  refers  (page  311)  to  experiments  of  Messrs.  Easton  and  Amos 
of  London  as  the  only  ones  published.  These  were  made  on  a  perpendicular  iron 
tube  iV  in.  thick  and  1|  in.  diameter,  which  was  enclosed  in  a  larger  tube  3  in. 
diameter,  containing  water.  Dry  steam  of  known  temperature  was  led  into  the 
inner  pipe  and  the  amount  of  steam  condensed  and  the  rise  of  temperature  of 
water  was  measured.  By  means  of  this  apparatus  a  temperature  difference  of 
69.5  deg.  cent,  gave  a  heat  transmission  of  15.3  units  of  heat  per  unit  of  area. 

56  The  author  used  an  improved  apparatus  as  follows:  A  brass  tube  0.0788 
in.  thick  and  1.93  in.  outside  diameter  and  37  in.  long,  giving  a  heating  surface 
of  1.56  sq.  ft.,  was  fitted  steam  tight  in  the  center  of  a  strong  cast-iron  pipe, 
about  6  in.  inside  diameter,  the  lower  end  of  the  brass  tube  being   connected  by 


TRANSMISSION    OF    HEAT   IN    SURFACE    CONDENSATION  1831 

a  pipe  with  a  tank  which  contained  a  copper  steam  coil  whereby  the  water  in  the 
tank  could  be  raised  to  any  desired  temperature.  The  other  end  of  the  tube 
connected  to  a  vessel  on  a  scale.  The  iron  pipe  was  provided  with  steam  through 
a  smaller  pipe  tapped  into  it. 

is =  temperature  difference,  deg.  cent. 

(g  being  steam  temperature  and  <,  and  t„  water  temperature.    If  A  is  weight  of 

water  passing  in  B  minutes,  —  (<„  ~   t,)  =  units  of  heat  transmitted  per  min.  in 
B 

lb.,  deg.  cent. 

2  A  (t,-  U) 


BS  [2ts-  {t„-t,)  ] 


units  of  heat  transmitted  per  sq.  ft. 


per  deg.   cent,  per  min.,  where  S  =  internal  heating  surface. 

57  After  a  few  tests  the  space  between  the  inner  and  outer  tubes  was  found  to 
be  too  great  giving  large  variations  in  the  temperature  readings;  accordingly, 
a  tube  1.515  in.  in  outside  diameter,  and  closed  at  both  ends  was  placed  in  the 
heating  tubes,  thus  reducing  the  space  for  the  water  to  pass  to  an  annular 
area  0.1305  in.   in  width. 
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FIRST  LARGE  GAS-ENGINE  INSTALLATION  IN 
AMERICAN  STEEL  WORKS 

DESCRIPTION  AND  OPERATING  CHARACTERISTICS  OF 
SIXTEEN  BLOWING-ENGINE  UNITS  OF  2000  H.P.  EACH, 
EIGHT  ELECTRIC-GENERATING  UNITS  OF  1000  H.P.  EACH 
AND  GAS-CLEANING  PLANTS 

By  E.  p.  Coleman,  Buffalo,  N.  Y. 
Member  of  the  Society 

At  the  Buffalo  works  of  the  Lackawanna  Steel  Company  is  located 
the  first  gas-engine  power  plant  to  be  operated  in  this  country  with 
blast-furnace  gas.  In  the  following  pages  it  will  be  attempted  to 
furnish  a  description  of  the  plant,  certain  details  of  its  operation  and 
some  data  of  a  quantitative  nature  derived  from  observation  and 
operation.  1 

2  As  far  as  can  be  learned,  the  selection  of  the  type  of  engine  was 
made  in  1900,  based  on  extended  observation  of  the  working  of  blast 
furnace  gas-power  plants  by  a  committee  in  Europe.  The  types 
observed  were  the  Cockerill,  Otto,  Oechelhaueser,  and  Koerting. 
The  Oechelhaueser  engine  was  disregarded  on  account  of  the  crank 
shaft  design  and  the  four-stroke  cycle  engines  were  not  favorably 
considered  on  account  of  exhaust  valve  troubles  which  did  not  seem 
to  have  been  mastered  at  that  time.  The  engines  were  built  by  the 
De  La  Vergne  Machine  Company,  New  York,  after  designs  by  the 
firm  of  Koerting  Brothers,  Hanover,  Germany. 

*  In  the  collection  and  tabulation  of  various  of  these  data,  and  other 
matters,  the  author  begs  to  acknowledge  valuable  assistance  of  the 
following  gentlemen:  Hugh  Boyd,  E.  E.  Kiger,  George  Conlee,  F.  C.  Baker, 
F.  L.  Palmer,  F.  C.  Taylor,  R.  L.  Streeter  and  Harry  Thompson,  all  of 
whom  are,  or  have  been,  members  of  the  engineering  department  of  the 
Lackawanna  Steel  Company.  The  experience  of  the  author  at  this  plant 
dates  from  about  the  early  part  of  1906. 

The  American  Society  ok  Mechanical  Engineers,  29  West  39tli  Street, 
New  York.     All  papers  are  subject  to  revision. 
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3  At  this  plant  12,000  to  15,000  net  h.p.  is  normally  developed 
by  gas  engines  operated  with  blast-furnace  gas,  the  greater  portion 
for  blowing  the  furnaces.  There  are  sixteen  blowing  engines,  each 
rated  at  2000  i.h.p.,  and  eight  electric  power  units,  each  consisting 
of  a  gas  engine  rated  at  1000  i.h.p.,  direct-connected  to  a  500-kw. 
generator.  Four  of  these  units  generate  direct  current  at  250  volts, 
and  the  other  four  generate  three-phase  25-cycle  alternating  current 
at  440  volts.  All  of  these  gas  engines  are  of  the  two-stroke  cycle 
type,  equipped  with  twin  cylinders  and  cranks  spaced  90  deg.  apart. 
A  brief  general  description  of  the  plant  used  in  developing  this  power 
will  first  be  given,  followed  by  a  more  detailed  description  of  the 
various  parts. 

GENERAL  DESCRIPTION  OF  PLANT 

4  The  general  arrangement  is  shown  in  plan.  Fig.  1.  There 
are  six  blast  furnaces  in  a  line  extending  approximately  north  and 
south.  These  furnaces  are  grouped  in  pairs,  each  pair  forming  a 
unit  with  reference  to  the  arrangement  of  its  stoves,  ore  bins,  gas 
plant,  and  other  auxiliaries.  A  seventh  furnace  not  shown  is  now  in 
operation,  but  as  all  of  the  excess  gas  from  this  furnace  is  burned 
under  boilers,  it  does  not  concern  the  subject  under  consideration. 

5  The  blowing  engines  using  gas  are  located  in  the  two  buildings, 
No.  2  and  No.  3  blowing-engine  houses.  The  engines  in  blowing- 
engine  house  No.  2  furnish  air  for  furnaces  3  and  4.  Furnaces  5 
and  6  are  supplied  with  air  by  the  engines  in  blowing-engine  house 
No.  3.  The  air  for  furnaces  1  and  2  is  usually  supplied  by  steam 
engines  located  in  the  north  end  of  blowing-engine  house  No.  2. 
Considerable  flexibility  is  secured  by  means  of  cross  connections, 
with  valves,  between  the  various  cold  blast  mains.  The  gas-driven 
electric-generator  units  are  located  in  the  south  end  of  power  house 
No.  1,  situated  east  of  blowing-engine  house  No.  2. 

6  The  generation  of  power  at  this  plant  requires  three  principal 
processes:  the  production  of  the  gas  by  the  furnaces;  the  preparation 
of  the  gas  for  use  in  the  gas  engines,  involving  cooling,  cleaning  and 
drying;  and  the  development  of  power  by  combustion  of  the  gas 
in  the  motor  cylinders. 

7  The  general  process  of  preparing  the  gas  for  use  in  the  motor 
cylinders  is  as  follows :  the  gas  leaving  the  furnace  top  passes  through 
large  downcomer  pipes  to  the  dust  catcher,  where  the  heavier  por- 
tion of  the  dirt  is  deposited  under  the  action  of  gravity.  From  the 
dust  catcher,  portions  of  the  gas  pass  through  pipe  mains  respectively 
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to  the  hot  stoves,  the  boilers,  and  the  gas  engines.  That  portion 
used  by  the  gas  engines  is  cooled  and  partially  cleaned  by  means 
of  water  sprays  in  the  pipes  and  chambers  through  which  the  gas 
passes;  after  which  it  is  further  cleaned  by  passing  through  centri- 
fugal fans  into  which  water  is  also  sprayed.  From  the  fans  the  gas 
passes  through  separators  which  remove  the  entrained  moisture  and 
its  entrained  dirt,  and  thence  under  a  few  ounces  of  pressure  (above 
atmosphere)  to  the  engine  houses.  That  portion  of  gas  going  to  the 
stoves  and  boilers  receives  no  further  cleaning  after  leaving  the 
dust  catcher. 

8  There  are  eight  blowing  engines  in  each  blowing-engine  house, 
(!ach  rated  by  the  makers  at  2000  h.p.  In  the  power  house  are 
eight  engines  rated  at  1000  h.p.  each 

FURNACES 

9  The  six  blast  furnaces  under  consideration  produce  about 
2600  long  tons  of  iron  per  24  hr.  or  about  108  tons  per  hr. 
The  gas  amounts  to  about  150,000  cu.  ft.  per  ton  of  iron,  or  say  about 
16,000,000  cu.  ft.  per  hr.  or  more  from  the  six  furnaces.  Approxi- 
mately 2,500,000  cu.  ft.  per  hr.  is  used  for  the  gas-engine  plant,  the 
remainder  being  burned  in  the  hot-blast  stoves  and  under  the  boilers. 

10  Furnaces  1  and  2,  located  at  the  northern  end,  are  smaller 
than  the  others,  being  rated  at  about  300  tons  each  per  24  hr. 
The  main  dimensions  are:  hearth  diameter,  11  ft.;  diameter  of  bosh, 
17  ft.;  height,  87  ft.  There  are  three  downcomers  of  steel  plate 
construction,  each  50  in.  in  diameter  and  lined  with  fire  brick  to  45  in. 
diameter.  These  unite  at  the  top  of  the  dust  catcher,  which  is  20 
ft.  diameter  of  shell,  and  equipped  with  conical  top  and  bottom.  The 
dust  catcher  is  lined  to  about  18  ft.  3  in.  inside  diameter  and  is  about 
29  ft.  deep  from  inlet  opening  to  dust  valve  at  bottom.  These  fur- 
naces operate  at  about  their  rating  of  300  tons  each  per  day. 

11  Furnaces  3,  4,  5  and  6  each  make  about  500  tons  of  iron  per 
day.  Furnaces  3,  4  and  5  are  alike  in  general  dimensions.  The 
hearth  is  15  ft.  9  in.  diameter;  bosh,  22  ft.  9  in.  diameter;  and  the  height 
above  hearth  is  94  ft.  Furnace  6  has  corresponding  diameters  of 
15  ft.  and  22  ft.  and  is  94  ft.  high. 

12  Three  downcomers  of  steel  plate,  each  6  ft.  6  in.  in  diameter, 
lined  to  5  ft.  9  in.  inside  diameter,  take  the  gas  to  the  dust  catcher, 
which  is  32  ft.  in  diameter,  lined  with  9-in.  fire  brick,  equipped  with 
conical  top  and  bottom,  and  about  39  ft.  deep  from  top  gas  inlet  to 
dust  valve  at  bottom  of  hopper. 
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13  All  of  the  dust  catchers  are  provided  with  a  suspended  parti- 
tion or  baffle  wall  of  firebrick  cutting  off  direct  passage  of  gas  from 
inlet  to  outlet;  the  gas  having  to  pass  under  this  wall  and  up  to  the 
outlet.     The  location  of  these  furnaces  is  shown  in  Fig.  1. 


14  The  general  arrangement  and  involved  main  dimensions  of 
the  piping  for  washed  gas  are  shown  in  Fig.  1.  Each  group  of  eight 
blowing  engines  is  served  with  washed  gas  through  a  60-in.  overhead 
main  of  riveted  steel  plate  delivering  gas  to  a  main  header  of  96  in.  di- 
ameter situated  along  the  wall  of  the  engine  house  near  the  yard  level. 
The  eight  1000-h.p.  engines  at  power  house  No.  1  are  supplied  with 
gas  from  furnaces  1  and  2  through  a  30-in.  underground  pipe  of  cast 
iron.  This  30-in.  pipe  is  cross-connected  with  the  96-in.  header 
near  the  south  end  of  blowing-engine  house  No.  2,  by  means  of  a  42- 
in.  overhead  pipe.  Gas  washers  3  and  4  are  connected  with  gas 
washers  5  and  6  through  a  36-in.  equalizing  pipe  as  shown.  Low 
points  in  the  piping  are  provided  with  drains.  The  general  arrange- 
ment of  this  piping  deserves  adverse  criticism,  as  will  be  shown.  No 
gas  holders  are  installed  or  required.  The  length  of  the  30-in.  main 
supplying  the  power  house  is  about  1180  ft.  The  60-in.  main  supply- 
ing engine  house  No.  2  is  about  525  ft.  long,  and  the  96-in.  header 
at  blowing-engine  house  No.  3  is  supplied  through  about  415  ft.  of 
60-in.  pipe.  In  this  main  at  the  south  end  of  the  engine  house  is  a 
60-in.  venturi  meter.  The  blowing-engine  house  header  lies  along 
the  east  side  of  the  building.  It  is  supported  on  the  concrete  work 
of  the  exhaust  tunnel  and  is  about  400  ft.  long.  The  8-ft.  section  is 
255  ft.  long  and  is  of  riveted  f-in.  plate.  The  plates  of  the  6-ft. 
portion  are  A  in.  thick.  A  24-in.  connection  is  taken  off  for  each 
engine  on  the  side  nearest  the  building.  Water  is  drained  from  the 
header  by  means  of  an  inverted  siphon.  The  total  length  of  piping 
from  the  washers  to  the  engine  houses  is  about  3800  ft. 

GAS  WASHERS 

15  There  is  a  gas-cleaning  plant  at  each  pair  of  furnaces  con- 
sisting of  chambers  equipped  with  water  sprays  for  cooling  the  gas 
and  washing  out  a  portion  of  the  dirt,  centrifugal  fans  also  i)rovided 
with  water  sprays,  separators  for  removing  the  entrained  water,  and 
the  necessary  valves  and  piping.     Symliolic  diagrams.  Figs.  2  and  3, 
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Fig.  2    Diagram  of  Gas  Washing  Plant  for  Furnaces  1  and  2 
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FiQ.  3    Diagram  of  Gas  Washing  Plant  for  Furnaces  3  and  4 
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represent  the  general  scheme.  Fig.  2  shows  the  washery  first  installed 
at  furnaces  1  and  2.  Fig.  3  indicates  the  arrangement  of  appara- 
tus at  furnaces  3  and  4.  The  general  arran3,ement  of  washers  at 
furnaces  5  and  6  is  similar  to  that  at  furnaces  3  and  4. 

GAS  WASHERS  NOS.  1  AND  2 

16  Fig.  2  shows  the  schematic  arrangement  of  this  cleaning  plant. 
Gas  is  taken  from  the  dust  catchers  through  horizontal  pipes  where  it 
is  given  an  initial  cooling  and  washing  by  means  of  water  sprays. 
The  cool  gas  then  passes  to  four  fan  washers  located  between  the 
two  furnaces.  These  fans  are  normally  operated  in  pairs,  each  pair 
forming  a  unit  consisting  of  the  two  fans  operating  in  series  with 
each  other.  The  first  fan  draws  cool  gas  from  the  main  supply  and 
discharges  it  to  a  first-washed  main.  The  second  fan  takes  its  gas 
from  this  main  and  discharges  it  to  the  second-washed  main,  from 
which  the  gas  passes  to  the  30-in.  gas  line  and  to  the  power  house. 

17  The  pipe  leading  from  dust  catcher  to  fans  is  70  in.  in  diameter. 
At  a  point  about  midway  between  the  fans  and  the  dust  catcher  a 
water  seal  valve  is  located,  consisting  of  a  horizontal  steel  tank  8  ft.  in 
diameter,  through  which  the  gas  passes  on  its  way  to  the  fans.  By 
filling  with  water  it  acts  as  a  shut-off  valve  and  by  partly  filling  with 
water  the  gas  flow  may  be  reduced  to  any  desired  extent,  these  func- 
tions being  useful  when  a  furnace  is  working  badly  and  giving  a  poor 
quality  of  gas.  The  8-ft.  tank  also  serves  as  a  receptacle  to  which 
the  water  is  drained  from  the  cooling  sprays. 

18  The  70-in.  pipe  connecting  the  dust  catchers  to  the  fans  is 
about  236  ft,  in  length,  the  total  travel  of  the  gas  from  dust  catcher 
to  fan  being  about  123  ft.  Located  in  this  piping  are  99  water  sprays 
for  cooling  the  gas  on  its  way  to  the  fan  washers.  These  spray  noz- 
zles are  located  at  the  axis  of  the  pipe,  about  3  ft.  6  in.  apart,  and  dis- 
charge a  cone-shaped  spray  into  and  against  the  flowing  stream  of 
gas.  The  sprays  are  supplied  from  a  3-in.  header  through  1-in. 
pipe  connections  and  each  spray  consumes  about  8  gal.  of  water  per 
min.  The  water  drains  first  into  the  8-ft.  tanks  and  from  thence 
through  a  seal  into  tank  cars  beneath,  where  the  dirt  is  deposited  and 
the  water  passes  off  from  an  overflow  into  the  general  drainage  system. 

19  The  connections  to  the  fans  are  taken  from  the  bottom  of  the 
70-in.  main,  the  connection  being  48  in.  in  diameter,  enlarging  to  70 
in.  diameter.  Each  connection  can  be  shut  off  froin  the  gas  pipe  by 
means  of  a  disc  valve  operated  by  a  chain  drum  and  handwheel  located 
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on  top  of  the  gas  pipe.  Each  of  these  connections  is  provided  with 
a  hopper  bottom,  valve  and  drain,  forming  a  pocket  for  the  mud  and 
water  brought  down  with  the  gas.  The  ch'ain  pipe  extends  downward 
into  a  well,  forming  a  seal. 


Fig.  4     Piping  at  Furnaces  1  and  2 

20  The  four  fans  are  housed  in  a  steel  frame  building  enclosed 
with  corrugated  steel  sides  and  roofing  and  open  for  light  and  venlila- 
tion  on  all  sides. 
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21  The  fans  are  very  similar  in  general  features  to  ordinary  cen- 
trifugal ventilating  fans.  The  wheels  are  6  ft.  11  in.  in  diameter. 
There  are  8  blades,  each  15|  in.  wide  at  the  inner  end  and  13  in.  wide 
at  the  tip,  carried  on  tee-iron  arms  set  in  a  cast-iron  hub.  The  wheel 
is  split,  and  the  casing  of  steel  plate  is  arranged  for  convenient  access 
to  and  removal  of  the  wheel. 

22  The  cast-iron  suction  connections  are  rectangular.  The  main 
is  20|  in.  by  52  in.  A  branch  21  in.  by  48  in.  leads  to  each  side  of  the 
fan,  the  opening  to  the  fan  casing  being  36  in.  in  diameter.  These 
connections  are  provided  with  cleaning  holes  to  facilitate  removal 
of  mud.  Water  connections  are  provided  for  four  nozzles  on  each 
side  carried  through  the  casing  and  discharging  through  the  circular 
inlet  to  the  fan.  Waste  water  from  the  furnace  tuyeres  and  bosh 
plates  flows  from  the  furnace  troughs  into  a  stand  pipe  equipped 
with  an  overflow  located  at  the  proper  level,  and  a  portion  of  the 
water  in  the  stand  pipe  passes  through  pipes  to  the  fans. 

23  Each  fan  is  driven  by  a  75-h.p.  electric  motor  direct-connected 
to  the  fan  by  means  of  a  flexible  coupling.  Three  of  these  motors 
utilize  alternating  current  and  the  remaining  motor  is  of  the  direct- 
current  type.  These  motors  operate  at  al:iout  500  r.p.m.,  the  input 
being  normally  about  55  h.p.  each.  Control  is  by  means  of  a 
switchboard  located  in  a  small  brick  Ijuilding  just  outside  the  fan 
house. 

24  Each  fan  discharges  horizontally  at  the  bottom  through  a  21^- 
in.  by  45-in.  connection  into  a  water  separator.  The  separator  is  a 
box  of  steel  plate  4  ft.  square  by  9  ft.  high,  containing  a  set  of  baffles 
consisting  of  3  rows  of  3-in.  steel  channels,  the  flanges  of  the  channel 
bars  facing  the  stream.  The  openings  between  channels  are  about 
1  in.  wide,  and  the  spacing  is  alternate  or  staggered,  such  that  the 
streams  of  gas  are  broken  and  turned.  The  separated  water  and  mud 
drops  to  the  bottom  of  the  separator  and  passes  out  through  a  seal. 
The  gas  leaves  the  separator  at  the  top  through  a  24-in.  pipe  connec- 
tion. 

25  First-washed  gas  which  has  passed  through  one  fan  passes  back 
into  one  of  the  70-in.  vertical  connections  on  the  cool  gas  main,  and 
is  isolated  from  it  by  means  of  the  disc  valve  at  the  top,  previously 
mentioned.  The  gas  then  flows  through  the  second-wash  fan  to  the 
second-washed  gas  main;  and  thence  through  the  30-in.  line  to  the 
power  house. 

26  The  piping  and  valves  are  so  arranged  that  any  fan  may  be 
used  for  either  first  or  second  washing.     The  valves  in  the  fan  connec- 
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tions  are  24-in.  Chapman  gates,  with  seats  and  discs  of  cast  iron. 
The  water  valve  and  pipe  main  containing  the  cooling  sprays  are 
shown  in  Fig.  4. 

OAS  WASHERS  NOS.  3  AND  4 

27  The  gas  passes  from  the  dry-dust  catcher  through  a  96-in. 
connection  leading  to  a  set  of  four  cooling  towers  12  ft.  in  diameter 
and  72  ft.  high.  The  cooling  water  is  sprayed  into  these  towers 
through  numerous  nozzles  set  in  the  sides.  There  is  a  set  of  towers  for 
each  furnace,  the  two  sets  being  connected  by  means  of  an  84-in. 
header  from  the  bottom  of  which  the  fans  draw  the  gas  for  washing. 
The  first-washed  gas  passes  from  the  fans  through  a  water  separator 
into  a  78-in.  header  called  the  first-wash  main,  from  which  it  is 
passed  back  to  the  suction  side  of  the  fans  working  on  second  washing, 
these  being  shut  off  from  the  cooled-gas  main.  From  these  fans  the 
gas  passes  through  the  separators  and  into  the  second-washed  main 
of  60  in.  diameter.  The  60-in.  main  supplying  the  engines  is  con- 
nected to  the  middle  point  of  this  header. 

28  The  four  cooling  towers  are  carried  on  a  structural  platform 
about  30  ft.  square  and  18^  ft.  above  yard  level.  This  eleva- 
tion provides  clearance  for  the  mud  cars  placed  beneath  to  receive 
the  drainage  from  the  bottom  connections.  The  connections  between 
the  towers  are  8  ft.  in  diameter  and  the  travel  of  the  gas  is  up  and  down 
in  alternate  towers.  Each  tower  is  provided  with  a  hopper  bottom  and 
pipe  seal  having  connection  with  a  common  drain  pipe  which  delivers 
the  discharge  of  all  four  towers  to  the  tank  cars  beneath.  Towers 
A  and  B  are  further  provided  with  emergency  seal  drains  at  a  higher 
level.  These  emergency  seals  are  normally  idle,  but  should  the  bot- 
tom drain  become  clogged  the  tower  will  then  drain  through  the 
emergency  seal.  Tower  A  is  further  provided  with  a  suspended 
steel  plate  baffle  in  front  of  the  96-in.  inlet  opening.  This  arrange- 
ment when  filled  with  water  to  the  required  height  acts  as  a  valve 
to  shut  off  communication  between  the  towers  and  the  dry-dust 
catcher,  a  sealed  overflow  maintaining  the  proper  water  level  when 
desired.  The  first  tower  is  equipped  with  about  30  sprays,  the  sec- 
ond has  35,  and  the  third  and  fourth  about  20  to  25  sprays  each. 
The  sprays  are  placed  in  five  circumferential  rows,  6  ft.  apart  verti- 
cally. The  lower  row  is  about  20  ft.  from  base  of  tower.  These 
towers  are  like  tho^.e  shown  in  Fig.  5  for  furnaces  5  and  6.  Sev- 
eral of  the  illustrations  are  of  the  pa-^  wa<^hing  plant  for  furnaces 
5  and  6  which  arc  similar  to  that  of  furnaces  3  and  4. 
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Fig.  5     Gas  Cooling  Towers  at  Furxacks  5  and  C 

29  The  spravs  are  supplied  with  water  through  three  pipes  rising 
from  a  ring  main  of  6-in.  diameter  near  the  base  of  the  tower.  Each 
spray  is  supphed  through  a  1-in.  connection  provided  with  a  plug 
cock. 
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30  The  standard  nozzle,  of  brass  throughout,  is  shown  in  Fig. 
6.  The  shell  has  a  2^-in.  external  pipe  thread  which  screws  into  a 
flange  riveted  to  the  shell  of  the  tower.  The  helical  passage  pro- 
duces a  whirling  cone-shaped  spray  of  about  90  deg..  and  6  to  10  ft. 
diameter.  The  l|-in.  plug  provides  convenient  access  to  the  spindle 
for  cleaning.  These  sprays  use  about  7  gal.  per  min.  at  the  average 
pressure  carried. 

31  From  the  towers  the  gas  passes  through  a  7-ft.  pipe  to  the  fans. 
This  pipe  also  is  provided  with  nozzles  which  spray  water  into  and 
against  the  approaching  stream  of  gas,  the  nozzles  being  located  at 
the  center  of  pipe.     The  piping  is  well  shown  in  Fig.  5. 
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Fig.  6    Details  of  Spray  Nozzle 


32  The  gas  leaves  the  cooled-gas  main  at  the  bottom  and  passes 
to  the  fans  through  vertical  suction  connections.  The  latter  have 
hoppers  and  water-sealed  drains  at  the  lower  end  and  may  be  shut  off 
from  the  cooled-gas  main  by  means  of  bell  valves  operated  by  a  winch 
and  handwheels  located  on  top  of  the  horizontal  main.  These  valves 
seat  in  a  water  seal.  The  opening  is  of  45-in.  diameter.  At  the  mid- 
point of  the  cooled-gas  main  connecting  the  two  sets  of  towers  is 
located  a  shut-off  valve  consisting  of  an  inverted  siphon  which  may 
be  partly  or  wholly  filled  with  water  to  regulate  the  amount  of  gas 
coming  from  either  furnace. 

33  The  fan  washers  are  housed  in  a  steel  frame  building  150  ft. 
long,  29  ft.  wide  and  32  ft.  high  from  yard  level  to  eaves,  equipped 
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with  pitch  roof  and  monitor,  the  covering  being  of  corrugated  steel. 
The  building  and  machinery  are  carried  on  pile  and  concrete  founda- 
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tions.     The  center  of  fan-shafts  is  9  ft.  5  in.  above  yard  level,  this 
elevation  being  necessary  for  drainage. 
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34  There  are  eight  centrifugal  fans  made  by  the  Buffalo  Forge 
Company.  The  wheels  are  of  i-in.  steel  plate,  7  ft.  1  in.  in  diameter, 
having  eight  blades  each  29|  in.  wide  at  the  inner  end,  and  27^  in. 
wide  at  the  tip.     Central  opening  of  wheel  is  40  in.  in  diameter. 

35  The  casing  is  of  cast  iron  and  of  the  double  suction  type. 
It  is  made  in  sections,  with  machined  joints  })olted  together  for 
removal  of  wheel.  Manholes  are  provided  for  cleaning  and  inspec- 
tion. Each  branch  of  the  suction  connection  is  rectangular  20  in. 
by  50  in.,  opening  into  the  fan  through  a  36-in.  diameter  inlet.  The 
bottom  discharge  connection  is  40  in.  by  36  in. 

36  The  wheel  shaft  of  6|-in.  diameter  is  direct-connected  through 
a  flexible  coupling  to  a  100-h.p.  motor  operating  at  480  r.p.m.  Six 
of  these  motors  utilize  alternating  current,  the  other  two  being 
for  direct  current.  The  two  types  are  used  so  that  should  there  be 
an  accident  to  either  circuit,  the  motors  connected  to  the  remaining 
circuit  will  continue  to  operate  and  keep  a  part  of  the  engines  running 
until  the  necessary  corrections  can  be  made. 

37  Water  is  thrown  into  each  fan  through  16  spray  nozzles. 
Eight  of  these  discharge  into  the  central  inlet  openings,  four  on  each 
side;  the  other  eight  dischage  into  the  fan  through  the  upper  half 
of  its  periphery.  The  sprays  are  fed  by  four  1^-in.  lines  connected  to 
a  6-in.  header  extending  the  full  length  of  the  building,  over  the  fans. 
Each  spray  connection  is  a  |-in.  pipe.  The  water  for  the  fan  sprays  is 
taken  from  the  waste  of  bosh  cooling  water  from  the  furnace,  which 
overflows  from  a  standpipe,  a  portion  under  the  necessary  head 
going  to  the  fans. 

38  From  the  fan  the  gas  passes  to  a  Avater  separator  constructed 
of  steel  plate  7  ft.  in  diameter  by  13  ft.  high.  This  separator  is  shown 
in  Fig.  7.  The  gas  passes  first  through  a  set  of  baffles  consisting  of 
four  rows  of  4-in.  channels  set  vertically,  the  openings  between  the 
channels  being  l|-in.  wide,  with  alternate  or  staggered  spacing  such 
that  the  streams  of  gas  are  broken  and  turned.  The  separated  water 
falls  down  the  vertical  channels,  carrying  with  it  the  dirt,  and  passes 
out  at  the  bottom  through  a  seal  to  the  drainage  system.  After 
passing  through  the  channel  baffle,  the  gas  rises  through  animlar 
disc  baffles  and  passes  from  the  separator  through  a  36-in.  top  con- 
nection. 

29  Each  separator  is  equipped  at  the  top  with  a  cast-iron  tee 
providing  outlets  through  36-in.  gate  valves  respectively  to  first- 
washed  and  second-washed  mains.  Fans  working  on  first  washing 
discharge  their  gas  into  the  first-washed  main.     This  gas  is  then 
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taken  by  the  fans  working  on  second  washing  and  by  them  discharged 
into  the  second- washed  main.  The  diameters  of  the  first-  and 
second-washed  mains  are  78  in.  and  60  in.     The  first-washed  main 


Fig.  9     Water  Separator  for  Gas  Washers  at  P'urnaces  5  and 


extends  full  length  of  the  fan  house,  and  is  connected  to  the  vertical 
suction  connection  of  each  fan  through  a  42-in.  gate  valve.    The  valves 
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and  piping  are  so  arranged  that  any  fan  may  be  operated  on  either 
first  or  second  washing. 

40  These  gas  washers  are  shown  in  sectional  elevation  in  Fig.  8  and 
Fig.  10  shows  the  washed-gas  main  and  fan  connections  in  perspective. 

41  The  gas  washing  plant  at  furnaces  5  and  6  is  substantially  the 
same  as  that  described  for  furnaces  3  and  4.  The  water  separators 
have  a  chfferent  style  of  baffling.  These  separators  are  shown  in  Fig. 
9.  They  are  7  ft.  in  diameter  and  17  ft.  high.  The  gas  circulates 
through  zigzag  passages  formed  by  narrow  plates  assembled  as  shown. 


Fig.  10    No.  5  Gas  Washer  Fans  and  Piping 

The  projecting  edges  of  plates  are  formed  to  catch  the  water  and 
lead  it  to  the  bottom  of  the  chamber,  where  it  passes  out  through  a 
seal.  There  are  two  sets  of  baffles  through  which  the  gas  passes  in 
succession,  one  at  the  bottom  and  one  at  the  top. 

BLOWING-ENGINE    HOUSES 


42     As  previously  stated  the  blowing  engines  are  located  in  two 
Aiildings,  blowing-engine  house  No.  2  and  No.  3,  each  substantially 
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Fig.    11      IJi.AST   Furnace   No.   0 
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alike  in  design  and  arrangement.  Each  blowing-engine  house  con- 
tains eight  air-compressing  units  (Fig.  13),  each  unit  having  a 
capacity  of  about  20,000  cu.  ft.  of  free  air  per  min.  when  operating 
at  65  r.p.m. 

43  The  gas  engines,  Imilt  by  the  De  La  Vergne  Machine  Company 
of  New  York,  are  coupled  to  vertical  blowing  engines,  built  by  the 
Southwark  Foundry  and  Machine  Company  of  Philadelphia. 

44  Each  building  is  425  ft.  long.  A  basement  10  ft.  deep  provides 
space  for  piping,  oiling  system,  etc.  A  steel  skeleton  frame  supports 
the  roof  and  runways  for  a  35-ton  electric  traveling  crane.  The 
walls  are  of  brick,  and  the  roof  of  corrugated  iron  sheathed  inside 
with  wood.  Air  enters  through  louvers  located  in  the  east  wall  at 
intervals  of  12|  ft.  The  flooring  is  of  A -in.  checkered  steel  plate 
laid  on  10-in.  beams.  Two  cold-blast  mains,  one  for  each  furnace, 
extend  the  entire  length  of  building,  and  arrangements  are  such 
that  any  of  the  eight  engines  can  deliver  to  either  of  the  two  cold- 
blast  mains.  The  piping  is  so  arranged  that  the  north  engine  in 
blowing-engine  house  No.  2  can  deliver  to  furnaces  1,2,  or  7.  There 
is  also  an  auxiliary  blast  main  connecting  blowing-engine  houses  Nos. 
2  and  3  in  such  manner  that  steam-driven  blowing  engines  may 
deliver  to  any  one  of  the  seven  furnaces,  when  required. 

45  The  exhaust  gases,  jacket  water,  etc.,. are  discharged  into  an 
underground  tunnel  or  header  located  about  twelve  or  fifteen  feet 
east  of  the  building  and  parallel  to  it.  This  tunnel  is  provided  with 
two  outlets,  one  into  the  general  drainage  conduit,  and  the  other  to 
the  atmosphere  through  a  brick-lined  steel  stack  located  at  mid-point 
of  exhaust  tunnel.  The  exhaust  tunnel  is  also  provided  with 
sixteen  laterals,  one  opposite  each  engine  cylinder,  and  extending  only 
to  the  outer  surface  of  the  concrete  foundation  wall  of  the  building. 
These  details  are  shown  in  Fig.  12. 

46  The  tunnels  are  of  horse-shoe  section  of  reinforced  concrete, 
supported  on  piling.  The  main  tunnel  is  10  ft.  2  in.  high,  6  ft.  wide 
at  the  bottom,  with  a  semicircular  roof  8  ft.  in  diameter.  The  eight 
laterals  are  about  8  ft.  2  in.  high  and  4  ft.  wide. 

47  The  ventilating  stack  is  10  ft.  diameter  of  steel  plate  lined 
with  red  brick  to  9  ft.  2  in.  diameter. 

48  Located  between  the  discharge  chamber  of  each  blowing  cylin- 
der and  the  cold-blast  main,  is  a  non-return  valve.  The  discharge 
chamber  may  be  connected  to  the  atmosphere  through  a  pipe  extend- 
ing through  the  building  wall  and  controlled  by  a  gate  valve.  This 
atmospheric  connection  is  opened  when  it  is  necessary  to  start  with 
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compressed  air.  When  operating  conditions  have  been  estabHshed  in 
the  motor  cylinders,  the  gate  valve  is  closed  and  the  non-return  valve 
rises  from  its  seat  for  delivery  into  the  blast  main. 

49  Gas  is  delivered  to  each  engine  from  the  main  header  located 
outside  the  building  through  a  24-in.  branch,  including  a  standard 
24-in.  gate  valve  just  inside  the  building  wall  and  above  floor  level. 
The  24-in.  pipe  then  turns  downward  to  the  basement  floor  where  it 
divides  into  two  18-in.  branches,  one  to  each  gas  pump.  The  air 
pumps  draw  their  supply  from  the  basement  through  short  connec- 
tions passing  through  the  floor. 

50  The  cast-iron  exhaust  pipe  for  each  cylinder  is  22  in.  in  diame- 
ter. It  is  attached  to  the  bottom  of  the  cylinder,  descends  vertically 
about  six  feet  and  then  extends  horizontally  to  the  east  wall  of  the 
building  and  into  the  lateral  tunnel  above  noted.  A  tee  outlet  or 
double  discharge  is  furnished  on  the  end  of  each  exhaust  pipe.  A 
gate  valve  is  provided. 

51  During  operation  water  is  injected  into  each  exhaust  pipe 
through  spray  pipes  located  just  below  the  cyhnder.  This  keeps 
the  pipe  cool,  partially  muffles  the  exhaust,  and  prevents  explosions 
in  the  exhaust  piping. 

52  The  cooling  water  for  the  engines  is  taken  from  a  12-in.  main 
extending  the  full  length  of  the  building  on  the  east  side  of  the  base- 
ment. A  10-in.  reserve  main  is  installed  on  the  west  side.  Opposite 
each  engine  is  located  an  8-in.  connection  with  valve.  From  this 
connection  a  6-in.  branch  leads  to  each  side  of  the  engine.  The 
supply  of  water  for  each  engine  is  thus  controlled  by  one  valve. 

53  As  originally  installed,  cylinders,  pistons  and  muffling  sprays 
were  all  supplied  with  water  through  individual  connections,  each 
wasting  to  a  sewer.  The  system  has  since  been  modified  such  that 
the  water  passes  through  piston,  cyhnder  heads,  cylinder  jackets  and 
muffling  sprays  in  the  order  named.  A  small  portion  of  the  water 
only  is  used  by  the  muffling  sprays. 

54  Thermometers  are  placed  to  indicate  the  temperatures  of  water 
leaving  the  piston  and  cylinder  jackets.  The  jacket  water  leaving 
each  cylinder  head  discharges  upward  through  a  vertical  pipe  pro- 
vided with  a  return-bend  discharge  nozzle.  The  water  leaving  the 
nozzle  discharges  downward  into  a  funnel  leading  to  the  cylinder 
jacket,  the  stream  thus  being  in  full  view  of  the  operator. 

55  Compressed  air  for  starting  is  supplied  through  a  5-in.  branch 
from  a  6-in.  main  delivering  air  from  power  house  No.  1.  The 
5-in.  connection  divides  into  two  3|-in.  branches,  one  to  each  side 
of  the  engine  where  it  connects  with  the  starting  valve. 
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OILING    SYSTEM 

56  An  oiling  system  of  the  gravity  type  is  installed  at  each 
blowing-engine  house.  Two  500-gal.  storage  tanks  are  located  near 
the  roof  from  which  the  oil  is  piped  to  the  sight-feed  connections  on  the 
engines.  A  complete  system  of  drip  pans  and  oil  catchers  is  provided 
at  the  engines.  From  the  pans  the  oil  drains  to  the  basement,  and 
passes  first  through  a  gravity  separating  tank  where  most  of  the  water 
is  removed.  The  oil  then  flows  over  a  heating  device  where  its  tem- 
perature is  raised  to  about  120  deg.  fahr.  and  it  then  passes  through 
settling  tanks  and  weir  boxes,  where  the  remaining  water  and  nearly 
all  of  the  suspended  matter  are  deposited  under  the  action  of  gravity. 
From  the  weir  boxes  the  oil  passes  into  White  Star  filters,  and  thence 
by  means  of  a  duplex  steam  pump  to  the  storage  tanks  located  near 
the  roof. 

57  The  above  description  applies  to  the  system  used  for  supply- 
ing oil  to  parts  of  the  engine  where  the  oil  is  but  slightly  contaminated 
by  foreign  matter.  At  certain  other  points  of  lubrication,  such  as  the 
gas  pump  and  motor  piston  rods,  etc.,  the  return  oil  is  contaminated 
to  a  consideral^le  degree  by  flue  dirt.  A  separate  system  very  similar 
in  principal  to  the  one  already  described  is  installed  to  take  care  of 
these  parts. 

5S  The  buildings  are  heated  by  means  of  the  forced  circulation 
of  hot  water  through  radiation  piping.  The  piping  extends  entirely 
around  the  building  and  the  water  which  is  heated  by  exhaust  steam, 
is  circulated  by  means  of  a  centrifugal  pump. 


POWDER    HOUSE 

59  Eight  units  for  developing  electric  power,  each  rated  at  1000 
i.h.p.,  are  located  at  the  south  end  of  power  house  No.  1  and  occupy 
a  space  350  ft.  long.  The  engines  are  direct  connected  to  500-kw. 
generators,  four  of  direct  current,  250  volts,  and  four  of  three-phase 
25-cycle  alternating  current,  440  volts.  The  total  length  of  the  build- 
ing is  725  ft.,  the  width  77  ft.  and  the  height  from  the  floor  line  to  the 
bottom  chord  of  the  roof  truss  35  ft.  A  steel  skeleton  frame  supports 
the  roof  and  crane  runways.  A  basement  8  ft.  deep  is  provided 
and  a  concrete  matte,  on  piling  83  ft.  wide  by  4|  ft.  thick,  supports 
the  building  and  machinery.  An  interior  view  of  the  power  house 
is  shown  in  Fig.  14. 
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60  The  floor  is  of  concrete  reinforced  with  expanded  metal,  resting 
on  I-beams.  Cast-iron  gratings  between  the  engines  ventilate  the 
basement. 

61  The  switchboard  is  placed  on  a  platform  213  ft.  long  at  the 
east  side  of  the  building.  A  controUing  panel  is  provided  for  each 
generating  unit.  Numerous  feeder  panels  control  the  various  mill 
circuits.  The  alternating-current  switches  are  located  at  the  south 
end  of  the  board,  and  the  direct-circuit  control  at  the  north  end. 

62  The  engines  exhaust  into  the  main  drainage  tunnel  and  a 
steel  stack  5  ft.  in  diameter  and  60  ft.  hi:h  carries  away  the  gases 
and  vapor. 

63  Each  engine  takes  gas  from  a  30-in.  main  outside  the  west 
wall  of  the  building  through  an  18-in.  connection  controlled  by  agate 
valve;  this  18-in.  connection  divides  into  two  branches,  one  going  to 
each  gas  pump.  A  throttle  valve  controlled  by  a  Tolle  governor 
and  placed  as  close  as  possible  to  the  valve  chest  of  its  respective 
gas  pump,  is  located  in  each  of  these  branches. 

64  The  air  pump  draws  its  supply  from  the  basement.  Com- 
pressed air  for  starting  is  provided  through  a  6-in.  main  extending 
the  entire  length  of  the  plant.     There  is  a  4-in.  branch  at  each  engine. 

65  The  cooling  water  is  supplied  from  the  general  yard  service 
through  a  6-in.  main  with  branches  at  each  engine. 

66  Each  motor  cylinder  is  provided  with  a  separate  exhaust  pipe 
of  16-in.  diameter  exhausting  directly  into  the  tunnel.  Water  is 
sprayed  into  the  pipe  to  cool  and  muffle  the  exhaust. 

KOERTING   TWO-STROKE    CYCLE   ENGINES 

67  The  engines  were  designed  by  the  firm  of  Koerting  Brothers, 
Hanover,  Germany,  and  were  built  by  the  De  La  Vergne  Machine 
Conpany,  New  York.  They  are  of  the  two-stroke  cycle  double- 
acting  twin  cylinder  type. 

68  The  blowing-engine  units  have  motor  cylinders  38|  in.  in 
diameter  by  60-in.  stroke,  and  occupy  a  floor  space  of  40  ft.  by 
52  ft.  The  engines  for  electric  generating  have  cylinders  24f  in. 
in  diameter  by  43f-in.  stroke  and  occupy  a  floor  space  of  32  ft. 
by  36  ft. 

69  The  cycle  of  operation  with  reference  to  the  motor  cylinder 
is  as  follows:  Gas  and  air  are  compressed  in  separate  pump  cylin- 
ders to  a  pressure  of  about  10  lb.  per  sq.  in.  above  atmosphere.  The 
gas  and  air  meet  in  the  mixing  chamber  above  the  inlet  valve  of  the 
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motor  cylinder.  During  the  period  when  the  motor  piston  is  at  and 
near  the  outer  end  of  its  stroke,  the  inlet  valve  opens,  admitting  first 
the  scavenging  air  and  second  the  mixture  to  the  motor  cylinder. 
During  the  return  stroke  of  the  piston  the  charge  is  compressed  to  a 
final  pressure  of  about   150  lb.   gage. 

70  Ignition  by  electric  spark  takes  place  somewhat  prior  to  the 
completion  of  the  compression  stroke.  Near  the  end  of  the  e  ;pan- 
sion  stroke,  the  piston  uncovers  the  exhaust  ports  through  the 
cylinder  walls.  The  opening  of  the  inlet  valve  occurs  very  soon  there- 
after, and  the  new  incoming  charge  forces  the  burned  gases  out 
through  the  exhaust  ports  completing  the  cycle. 

71  The  general  plan  and  elevation  of  the  2000-h.p.  engine  is 
shown  by  assembly  drawings  in  Fig.  15a  and  Fig,  15&.  The  smaller 
engines  are  very  similar  in  general  design. 


Fig.  155    End  Elevation  of  2000-h.p.  Engine 


72  Each  unit  is  composed  of  two  separate  engines  each  complete 
in  itself  with  the  exception  that  the  crankshaft  is  common  to  both. 

73  The  main  frame  for  each  side  is  composed  of  two  heavy  cast- 
iron  box  girders.  The  motor  cylinder  is  supported  on  and  between 
these  at  one  end.  The  shaft  bearings  are  formed  in  the  other  end 
of  the  frame. 

74  At  one  side  are  the  gas  and  air  pump  cylinders.  The  two 
pistons  are  mounted  on  a  single  piston  rod  and  driven  by  an  over- 
hung- crank  on  the  outer  (Mid  of  the  crankshaft. 
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75  The  pump  valves  are  of  the  piston  type,  smooth  cyhnders 
without  packing  of  any  kind,  and  are  driven  by  eccentrics  on  the 
crankshaft.  The  induction  valve  for  the  gas  pump  is  open  during 
about  145  per  cent  of  its  suction  stroke;  that  is  to  say,  during  the 
entire  suction  stroke  as  well  as  the  first  45  per  cent  of  the  dis- 
charge stroke.  The  air  pump  discharges  during  nearly  its  entire 
stroke,  the  object  being  to  provide  scavenging  air  for  the  motor 
cylinder  prior  to  the  entrance  of  the  mixture.  The  gas  and  air  pass 
from  their  respective  pumps  through  ducts  to  a  mixing  chamber 
above  the  motor  inlet  valve.  The  prior  discharge  action  of  the  air 
is  intended  to  force  the  gas  column  back  into  its  duct,  prior  to  the 
opening  of  the  motor  inlets,  in  such  manner  that  scavenging  air  is 
provided  in  advance  of  the  mixture. 


^,ffV/fr^/, 


Fig.   T8    Details  of  Motor  Piston 


76  The  motor  cyhnders  are  of  cast  iron  in  one  piece  with  water 
jacket  and  exhaust  passage.  The  cylinder  heads  (Fig.  18)  are  of 
cast  iron  with  water  jackets  and  are  provided  with  an  expansion  joint. 
Fig.  17  shows  a  38|-in.  motor  cylinder  in  detail. 

77  The  piston  is  of  cast  iron,  nearly  as  long  as  the  stroke  because 
of  its  action  as  an  exhaust  valve.  Five  grooves  are  provided  at  each 
end,  equipped  with  dowells  in  such  manner  that  the  five  snap  rings 
are  held  with  their  openings  near  the  bottom  of  the  cylinder.  The 
piston  (Fig.  18)  resting  on  the  cylinder  wall  closes  the  opening  through 
the  ring  and  prevents  leakage  and  possibly  premature  ignitions. 
( 'ooling  water  is  supplied  through  the  hollow  rod  by  means  of  swing- 
ing connections  shown  in  Fig.  19. 

78  The  crosshead  is  of  the  shpper  type  l)abbitt  faced.  The 
marine  type  connecting  rods  are  forked  at  the  crosshead  end.     Bear 
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ings  are  split  shells,  babbitt  lined  for  the  crank  and  phosphor  bronze 
for  the  crossheads,  held  by  bolted  caps. 

79  The  crankshaft  for  the  2000-h.p.  engine  is  of  the  built-up 
type  and  is  carried  by  four  bearings.  Each  crank  pin  is  carried  by 
two  forged  steel  webs  between  its  pair  of  main  bearings  and  to  these 
webs  are  bolted  the  counterweights.  Each  end  of  the  shaft  pro- 
jects beyond  its  outboard  bearing  and  carries  a  crank  and  eccentrics 
for  the  gas  and  air  pumps.  The  shaft  for  the  1000-h.p.  engine  is  a 
single  forging,  being  in  other  respects  similar  to  that  for  the  2000- 
h.p.  engine.  All  of  the  principal  forgings  were  made  at  the  Krupp 
works  in  Germany. 

80  The  flywheels  for  the  1000  h.p.  engines  are  17^  ft.  n  chameter 
and  weigh  45,000  lb.  The  wheels  for  the  2000-h.p.  engine  are  of 
20  ft.  diameter  and  weigh  65,000  lb.  The  wheels  were  cast  in  halves, 
and  the  fastenings  are  steel  links  shrunk  into  place  at  the  rim  and 
bolts  at  the  hub. 

81  The  inlet  valves  are  steel  forgings  of  the  mushroom  type 
located  in  casings  at  the  top  of  the  cylinder  heads.  They  are  opened 
by  cams  located  on  a  shaft  parallel  to  the  axis  of  the  motor  cylinder 
and  driven  by  bevel  gears  from  the  crank  shaft,  and  closed  by  strong 
helical  springs. 

82  Ignition  is  by  means  of  electric  spark  of  the  break  or  arc  type, 
with  two  igniter  plugs  in  each  cylinder  head.  The  electric  current 
is  furnished  by  magnetos,  one  for  each  plug.  The  current  is  pro- 
duced in  the  following  manner :  The  magneto  armature  is  first  slowly 
rotated  in  opposition  to  the  force  of  a  spring  through  an  angle  of 
about  30  deg.  from  its  initial  position.  It  is  then  released  and  under 
the  action  of  the  spring  executes  a  rapid  return  motion  or  oscillation. 
During  this  return  motion  the  igniter  terminals  are  mechanically 
separated  and  the  arc  formed,  the  motion  of  the  armature  being 
transmitted  to  the  plugs  through  cranks  and  reach  rods  for  this 
purpose.  The  magnetos  are  now  being  discarded  in  favor  of  a  direct- 
current  system  of  ignition  of  simple  form. 

83  The  timing  of  the  ignition  is  accomplished  ])y  means  of  the 
igniter  shaft  connected  to  the  cam  shaft  through  a  helically  slotted 
sleeve  and  a  pair  of  spur  gears.  By  sliding  the  sleeve  along  the  shaft, 
the  phase  of  the  igniter  shaft  is  advanced  or  retarded.  One  of  the 
spur  gears  is  provided  with  sufficient  width  of  face  to  accomplish 
the  required  range  of  movement.  The  sleeve  and  hub  form  a  triple 
threaded  screw  and  nut,  and  have  proved  very  satisfactory  in  opera- 
tion.    The  apparatus  is  shown  in  Fig.  20.     The  equivalent  device 
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furnished  by  the  makers  consisted  of  a  single  spiral  slot  and  feather 
which  proved  defective  in  wearing  qualities. 

84  The  regulation  of  the  1000-h.p.  units  is  by  a  butterfly  throttle 
valve  under  the  control  of  a  Tolle  governor.  The  strength  of  these 
governors  is  about  2000  lb.  The  throttle  valve  is  located  in 
the  gas  supply  pipe  of  each  pump,  as  close  as  possible  to  the  pump. 

85  The  2000-h.p.  engines  are  regulated  by  means  of  bypass 
valves  located  at  the  gas  pumps,  and  under  the  direct  control  of  an 
adjustable-speed  oil-pressure  governor.     Eachjgas  pump,  in  addition 


Fig.  20    Screw  and  Nut  fob  Igniter'Shaft 
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to  its  original  distributing  valve,  is  provided  with  a  reciprocating 
bypass  valve,  driven  from  the  pump  valve-gear.  This  valve  is  of  the 
hollow  plug  type  turned  to  a  working  fit  in  its  valve  cylinder  bush- 
ing, and  is  provided  with  ports  through  the  walls  of  the  hollow  plug. 
Corresponding  ports  through  the  walls  of  the  valve  cylinder  bushing 
communicate  respectively  with  A,  the  gas  pump  discharge  passage, 
and  B,  the  gas  pump  clearance.  Two  respective  leakage  paths  are 
thus  formed  through  which  a  portion  of  the  gas  is  bypassed  back 
into  the  supply  pipe  of  the  gas  pump.  The  hollow  plug  valve  of  the 
bypass  is  arranged  for  partial  rotation  on  its  axis  under  control  of 
the  governor,  and  the  angular  position  of  the  plug  valve  determines 
the  degree  of  opening  of  the  bypass  ports,  which  in  turn  governs  the 
quantity  of  gas  returned  to  the  pump  supply  pipe.     Due  to  the  con- 
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Fig.  22    General  View  of  Oil-Pressure  Governor 
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struction  of  the  main  pump  valve,  bypassing  from  the  passage 
A  can  occur  only  during  the  suction  stroke  of  the  pump,  the 
bypass  port  being  connected  to  a  chamber  which  communicates 
with  the  pump  discharge  passage  only  during  such  suction  stroke. 
The  bypass  port  from  the  pump  clearance  allows  bypassing  to  occur 
during  the  discharge  stroke  of  the  pump. 


Fig.  23    Speed  Chart — Revolution  Recorder 

86  When  the  governor  is  in  the  position  corresponding  to  maxi- 
mum power  demand,  both  bypass  ports  are  closed.  As  the  demand 
for  power  decreases,  the  port  from  passage  A  is  first  opened,  the  port 
B  remaining  closed.  With  a  further  decrease  of  power  demand  port 
B  also  opens.  The  port  A  is  arranged  for  prior  opening  for  the  pur- 
pose of  removing  the  gas  from  the  vicinity  of  the  motor  inlet  at  and 
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during  the  scavenging  period.  The  full  opening  of  both  bypass 
ports  is  sufficient  to  limit  the  engine  speed  to  about  45  r.p.m.  under 
conditions  of  friction  load.  The  reciprocating  motion  of  the  valve 
is  provided  for  the  purpose  of  preventing  accumulation  of  dirt  on 
the  valve  surfaces,  thus  preventing  any  undue  resistance  to  rotation 
under  the  action  of  the  governor.  The  general  arrangement  of  the 
bypass  valve  gear  is  shown  in  Fig.  21, 

87  The  governor  is  of  the  adjustable-speed  oil-pressure  type, 
controlling  the  valves  directly  by  means  of  a  piston  of  4A  in.  in 
diameter  operating  differentially  against  the  force  of  a  spring.  The 
total  tension  of  the  spring  is  about  830  lb.  A  3f-in.  by  3-in. 
single-acting  triplex  oil  pump  is  driven  by  means  of  a  2-in.  Renold 
silent  chain  from  the  cam  shaft  of  the  engine.  The  oil  is  discharged 
through  a  ^-in.  orifice  of  special  design,  the  area  of  which  is  controlled 
by  a  needle  valve.  The  motion  of  the  small  piston  is  transmitted 
by  levers,  shafting,  and  reach  rods,  and  controls  the  angular  position 
of  the  bypass  valve.  The  needle  valve  is  linked  to  the  timing  device 
of  the  igniter  mechanism  in  such  manner  that  the  time  element  or 
lag  of  the  igniter  is  neutralized,  the  ignition  remaining  constant  at 
all  speeds. 

88  The  speed  variation  between  the  extremes  of  travel  is  4  per 
cent.  The  energy  required  to  drive  the  pump  amounts  to  about 
0.6  h.p.  The  valve  gear,  governor,  and  timing  device  were  designed 
by  the  author  with  the  assistance  of  Mr.  Hugh  Boyd  and  the  entire 
apparatus  was  constructed  in  the  shops  of  the  steel  company. 

89  The  general  arrangement  of  the  governor  is  shown  in  Fig.  22 
and  a  chart  from  the  Uehfing  revolution  recorder  in  Fig.  23.  The 
speed  depressions  recorded  in  the  latter  indicate  periods  of  casting 
and  checks  at  the  furnace. 

90  Positive  lubrication  of  the  motor  cylinders  is  accomplished 
by  force-feed  pumps  of  the  screw-press  plunger  type.  These  pumps 
are  driven  by  lever  and  ratchet,  operated  by  cams  located  on  the 
engine  cam  shaft.  The  oil  pump  cams  are  located  in  such  manner 
that  the  oil  injection  occurs  during  each  compression  stroke  of  the 
motor  piston.  There  are  three  oil  inlets  for  each  end  of  the  motor 
cylinder,  one  at  the  top  and  one  at  each  side  near  the  bottom.  An 
individual  screw  plunger  serves  each  oil  inlet  which  is  provided  with 
a  check  valve. 
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KOERTING  ENGINES 

Item  Electric  Power  Blowing  Engine 

Ratedh.p 1000  2000 

Speed,  r.p.m 100  35  to  65 

Diameter,  motor  cylinder....  231  38| 

Stroke,  motor  cylinder 43f  60 

Diameter,  gas  pump 28f  45^ 

Diameter,  air  pump 25|  38| 

Stroke  of  pumps 33|  491 

("Two  18  X  33 

Main  journals Four  12f  X  231  \  One  22  X  40 

[One  22  X  35 

Maximum  shaft  diameter . . .  18^  26 

Length  of  shaft 26  ft.  6  in.  34  ft.  7|  in. 

Crank  pins Two  12f  X  13|  fOne  24  X  16 

\One  18  X  19| 

Crosshead  pins Four  Si  X  7|  Four  12f    X  lU 

Piston  rod Q-h  10 

Crosshead  shoe 19f  X  36^  27|  X  52 

Connecting  rod 9  ft.  i  in.  12  ft.  6  in. 

Diameter,  connecting  rod 

Large  end 8^^  12| 

Small  end 7|  10 

Pump  piston  rod,  diameter  .  4  5| 

Pump  crank  pin 4,^    X  5^  6^  X  8 

Cam  shaft,  diameter 3|  4f 

Motor  inlet  valve,  diameter.  12f  18f 
Gas   pump  inlet    valve,   di- 
ameter   13  18 

Air    pump    inlet    valve,   di- 
ameter   12  18 

Exhaust  pipe,  diameter 15f  22 

Flywheel,  diameter 17  ft.  6  in.  20  ft. 

Flywheel  weight 45,000  65,000 

Blowing  cylinder,  diameter.  —  76 

Blowing-engine,  stroke —  60 


GENERAL  NOTES  RELATING  TO  OPERATION 

91  Both  gas-cleaning  apparatus  and  the  gas  engines  were  installed 
at  an  early  stage  in  the  history  of  the  art  and  are  necessarily  imper- 
fect when  compared  with  modern  examples  to  which  have  been  applied 
those  essential  refinements  that  can  be  gained  only  through  experi- 
ence. The  average  dust  content  of  gas  as  delivered  to  the  second- 
washed  main  amounts  to  aljout  50  to  80  mg.  per  cu.m.,  equivalent 
to  from  0.022  to  0.035  grains  per  cu.  ft.,  which  would  rightly  be 
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considered  bad  practice  in  modern  gas-cleaning  plants.  It  therefore 
is  fortunate  that  the  type  of  engine  selected  is  able  to  operate  per- 
fectly well  when  supplied  wdth  this  imperfectly  cleaned  gas,  without 
any  distress  whatever. 

92  Nevertheless,  operation  of  the  character  named  cannot  be 
claimed  for  the  first  three  years.  The  author  believes,  however,  that 
esssentially  all  of  the  trouble  can  be  traced  to  several  major  causes 
tending  to  produce  premature  combustion  and  a  number  of  minor 
details  not  well  appreciated  at  that  time. 

93  The  conditions  tending  to  produce  premature  combustion 
and  attendant  failure  of  parts  subject  to  the  resulting  high  pressures 
and  temperatures  were:  inaperfect  piston  packing  which  was  neither 
properly  dowelled  nor  provided  with  keepers;  unsuitable  oil  used  in 
the  motor  cylinders;  and  high  hydrogen  content  in  the  gas.  Minor 
causes  of  premature  combustion  were:  projecting  portions  of  parts 
exposed  to  the  fire;  and  accumulations  of  flue  dirt  which,  in  combina- 
tion with  the  oil,  baked  on  the  surfaces  of  the  parts;  the  projecting 
portions  remaining  incandescent  and  initiating  premature  combustion. 
Minor  troubles  were  also  due  to  various  causes,  such  as  wet  gas  which 
fouled  the  igniter  points  with  its  accompanying  flue  dirt;  dirty  gas 
which  clogged  the  valves  of  the  controUing  devices,  making  the 
speed  control  more  difficult;  imperfect  rod  packing,  etc.,  which  pro- 
duced bad  atmospheric  conditions  in  the  building;  inadequacy  of 
certain  parts  of  the  1000-h.p.  engines  subject  to  high  inertia  stresses 
at  100  r.p.m.,  etc. 

94  Rectangular  dowells  are  now  applied  to  the  piston  grooves 
in  such  secure  manner  that  the  openings  through  the  snap  rings  are 
confined  to  a  location  near  the  bottom  of  the  cylinder,  thus  preventing 
leakage  through  the  openings.  The  cylinder  oil  now  used  does  not 
leave  a  carbonaceous  residue  of  any  considerable  magnitude.  The 
pressure  of  water  supply  to  tuyeres,  coolers,  and  bosh  plates  is 
maintained  slightly  lower  than  the  internal  pressure  of  the  furnace; 
hence  cool  water  cannot  enter  the  furnace  to  produce  excessive 
hydrogen,  following  puncture  of  these  parts. 

GAS-CLEANING    AND     SUPPLY    SYSTEM 

95  As  previously  noted,  there  are  three  gas-cleaning  plants,  one 
for  each  pair  of  furnaces;  and  the  three  delivery  mains  therefrom  are 
interconnected  by  means  of  pressure-equalizing  pipes,  two  in  number. 
These  mains  for  hot  gas,  cooled  gas,  and  washed  gas  are  locally  inter- 
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connected  in  parallel  relation  at  eaqh  pair  of  furnaces.  It  is  therefore 
possible  to  control  the  amount  of  gas  taken  from  each  furnace 
and  the  gases  from  the  two  furnaces  are  thoroughly  mixed  by 
discharging  into  a  common  washed-gas  delivery  main.  In  order 
to  promote  in  the  best  manner  uniformity  in  the  constitution  of 
the  gas,  the  delivery  from  the  several  washeries  should  then  discharge 
into  a  common  distributing  main  or  holder.  Referring  to  Fig.  1, 
however,  it  will  be  noted  that  the  locations  of  the  three  delivery  mains, 
and  the  relative  locations  of  the  two  equalizing  pipes  are  such  that 
it  is  impossible  for  such  mixing  to  occur  even  locally  or  approximately. 
A  partial  solution  constituting  a  great  improvement  would  consist  in 
relocating  the  30-in.  delivery  pipe  from  washers  Nos.  1  and  2  along  the 
west  wall  of  blowing-engine  house  No.  2,  to  form  a  junction  at  the 
southwest  corner  of  that  building  with  the  60-in.  delivery  main  from 
washers  Nos.  3  and  4.  Also  the  36-in.  equalizing  main  should 
deliver  gas  into  the  60-in.  delivery  main  from  washers  Nos.  5  and  6, 
instead  of  into  the  north  end  of  the  96-in.  header  at  blowing-engine 
house  No.  3.  Power  house  No.  1  and  blowing-engine  house  No.  2 
would  then  receive  the  average  of  gas  from  four  furnaces,  whereas  at 
present  blowing-engine  house  No.  2  receives  gas  only  from  furnaces 
3  and  4,  and  at  power  house  No.  1.  the  four  north  engines  may  receive 
gas  from  furnaces  1  and  2,  and  the  four  south  engines  from  furnaces 
3  and  4.  Under  these  conditions  of  piping,  the  gas  supply  at  any 
point  is  but  an  average  of  that  from  two  furnaces,  and  at  times  the 
irregularity  is  considerable,  the  thermal  value  occasionally  varying 
between  limits  of  105  and  80  B.t.u.  per  cu.  ft.,  within  a  period  of  a 
few  seconds. 

96  Owing  to  the  fact  that  hot  gas  mains  of  the  three  pairs  of  fur- 
naces are  not  interconnected,  the  danger  of  explosion  due  to  the  en- 
trance of  air  is  enhanced  to  a  certain  degree,  especially  when  but  one 
furnace  of  any  pair  is  in  operation.  This  danger  is  minimized  to  some 
extent  by  means  of  the  equalizing  connections  between  the  several 
washed-gas  delivery  mains,  and  the  remaining  conditions  are  provided 
for  through  the  skill  and  watchfulness  of  the  operators,  who  are  greatly 
assisted  in  their  work  by  a  system  of  local  telephones,  and  by  indicat- 
ing and  recording  vacuum  and  pressure  gages  connected  at  the  proper 
points.  Such  conditions,  however,  occur  only  during  checks  and  casts 
at  the  furnace,  or  in  case  of  failure  of  the  cooling  water  supply.  Such 
periods  are  easily  taken  care  of  by  the  operators  who  thoroughly 
appreciate  the  situation.  The  principal  precaution  consists  in  sealing 
off  the  connection  between  towers  and  dust  catcher,  before  the  wind 
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is  taken  off  the  furnace,  one  furnace  of  the  pair  being  assumed  already 
out  of  service.  The  fans  are  also  shut  down  or  bypassed,  and  the  fan 
connections  sealed  off  when  necessary,  there  being  a  diaphragm  seal 
at  the  suction  connection  of  each  fan  washer.  The  most  probable 
point  for  entrance  of  air  into  the  system  is  through  the  furnace  top  and 
connections. 

97  Pressure  gages  are  provided  at  each  washer  as  follows:  There 
is  a  recording  pressure  gage  for  the  second-washed  main,  a  recording 
vacuum  and  pressure  gage  for  the  cooled-gas  main,  and  a  manometer 
connected  to  tower  D,  Fig.  3. 

98  Dirt  accumulates  on  the  domes,  and  on  the  walls  near  the 
tops  of  towers  A  and  B,  especially  during  the  winter  months.  The 
falling  of  these  accumulations,  if  not  otherwise  known,  is  announced 
by  the  appearance  of  overflow  water  at  the  emergency  seal,  due  to 
the  closure  of  the  normal  outlet  for  dirt  and  water  at  the  bottom  of 
the  tower.  The  accumulation  at  the  bottom  is  then  broken  up  by 
pokers  inserted  through  the  gate  valves  and  pipe  tees  provided  at  the 
bottom  drain  connection  of  each  tower  for  that  purpose.  This  occurs 
on  an  average  of  twice  a  month  and  occasionally  twice  a  day.  These 
accumulations  are  largely  due  to  the  fact  that  there  is  not  sufficient 
pressure  to  furnish  water  to  the  upper  three  rows  of  nozzles  which  are 
consequently  inactive:  the  dome  and  upper  walls  are  therefore  not 
washed  by  flowing  water,  and  the  dirt  accumulates.  The  accumula- 
tion of  dirt  in  the  fan  washers  and  their  connections  is  practically 
negligible.  The  water  separators  require  cleaning  once,  occasionally 
twice  a  year.  The  type  of  separator  shown  in  Fig.  10  collects  dirt 
more  rapidly  than  the  other  form.  Contemplated  improvements 
are  under  way  for  obviating  these  diflficulties. 

99  Gas  leaves  the  furnace  top  at  a  temperature  of  abotit  550 
deg.  fahr.  Tn  summer  it  enters  the  fans  at  about  77  deg.  and  leaves 
the  fans  at  about  60  deg.  fahr.  The  water  used  in  the  tower 
amounts  to  about  75  gal.  per  1000  cu.  ft.  of  gas.  The  quantity  of 
waste  water  used  in  the  fan  washers  is  not  accurately  known. 

100  At  each  fan  there  are  eight  nozzles  which  discharge  water 
into  the  fan  through  the  upper  periphery,  and  four  nozzles  which  dis- 
charge it  into  the  gas  inlet  openings  of  the  fan.  The  quantity  of  water 
used  in  the  fans,  especially  at  the  gas  inlet,  greatly  affects  the  power 
required  to  drive  them,  which  increases  with  the  amount  of  water  used. 
Each  fan  at  washers  Nos.  1  and  2  requires  about  45  h.p.,  while  about 
60  h.p.  is  required  by  each  fan  at  washers  Nos.  3  to  6.  The  operation 
of  about  one-half  of  the  fan  washers  U  required  under  present  load 
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conditions.  Hence  allowing  for  losses  in  motors',  about  five  per  cent 
of  the  delivered  horsepower  at  the  engines  is  required  for  driving 
the  fan  washers. 

101  The  cleaning  of  the  gas  at  washers  Nos.  1  and  2  is  lees  com- 
plete than  that  at  washers  Nos.  3  to  6.  At  the  two  former  the 
dust  content  in  second-washed  gas  as  delivered  averages  about  0.C35 
grains  per  cu.  ft. 

102  At  gas  washers  Nos.  3  and  4  the  dust  content  in  the  gas  is 
about  as  follows: 

First-  Second- 
Gas                                                      Cooled      Washed  Washed 

Averagegrains  percu.  ft 0.328          0.061  0.022 

Maximum  grains  per  cu.  ft 0.980          0.100  0.100 

Minimum  grains  per  cu.  ft 0.0044        0.0044  0.0044 

103  The  gas  supplied  through  the  30-in.  ma-in  to  power  house  No. 
1,  therefore,  contains  more  dirt  and  moisture  than  that  delivered  from 
washers  Nos.  3  to  6,  in  consequence  of  which  there  is  more  trouble 
with  dirt  at  the  power  house  than  at  the  blowing-engine  houses.  Also 
it  may  be  noted  that  the  long  8-ft.  gas  headers  at  the  blowing-engine 
houses  are  of  probable  value  in  separating  the  moisture  from  the  gas. 

LUBRICATION 

104  As  previously  noted,  each  motor  cylinder  is  supplied  with 
cylinder  oil  by  six  pumps  of  the  screw  plunger  t.ype.  The  pumps  are 
arranged  in  two  batteries,  one  for  each  end  of  the  cylinder,  each  com- 
prising three  plungers  driven  by  a  combination  cam,  lever,  ratchet,  and 
worm  gearing,  common  to  the  three  plungers  of  the  battery.  During 
each  compression  stroke  of  the  motor  piston  the  three  oil  pump  plun- 
gers are  depressed  through  a  small  distance  into  the  oil  pump  cylin- 
ders. In  this  way  three  small  equal  quantities  of  oil  are  forced  into 
the  end  of  the  motor  cylinder  during  the  corresponding  compression 
stroke  of  the  motor  piston,  one  quantity  entering  at  the  top  and  the 
others  on  either  side  near  the  bottom  of  the  motor  cylinder,  at  points 
about  midway  between  the  cylinder  head  and  the  exhaust  ports. 
The  oil  pump  discharge  connections  are  filled  with  oil  in  order  to 
exclude  any  possibility  of  the  presence  of  air.  The  resulting  lubri- 
cation is  thorough,  effective  and  satisfactory.  The  oil  used  is  known 
under  the  trade  name  of  Electric  Gas  Engine  Oil.  The  flash  test  is 
about  450  deg.  fahr.  and  the  oil  fires  at  about  550  deg.  fahr.  The 
author  believes  that  the  long  piston  of  the  two-stroke  cycle  engine  is 
especially  conducive  to  satisfactory  cylinder  lubrication,     The  cylin- 
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der  oil  used  by  each  blowing  engine  amounts  to  about  5.25  gal. 
every  24  hours. 

105  Engine  oil  known  under  the  trade  name  of  Dynamo  Oil  is  sup- 
plied at  the  necessary  points  by  means  of  an  oil  purification  and  dis- 
tributing system  already  described.  This  oil  circulates  again  and 
again  through  the  bearings,  and  each  day  a  sufficient  quantity  of  fil- 
tered oil  is  taken  from  the  system  and  used  for  lubricating  the  piston 
rods  and  the  gas  and  air  pump  cylinders.  The  quantity  of  engine 
oil  used  by  each  blowing  engine,  including  oil  actually  consumed  by 
the  air  and  gas  pump  cylinders  and  motor  piston  rods,  plus  the  daily 
waste  due  to  leakage,  evaporation,  etc.,  in  the  purification  plant, 
amounts  to  about  3.7  gal.  in  24  hours. 

106  In  addition  to  the  above  there  is  required  for  the  blowing 
cylinder  about  O.G  gal.  of  air-cylinder  oil,  and  for  small  pin  bearings, 
etc.,  about  1.25  lb.  of  No.  2  cup  grease  per  24  hours.  The  delivered 
horsepower  of  each  blowing  engine  varies  from  1000  to  1200. 

107  The  small  pipes  for  delivering  oil  to  the  motor  cylinder  are 
screw-threaded  into  the  walls  of  the  cyhnder,  and  project  radially 
through  the  water  jacket,  passing,  out  through  stuffing  boxes  in  the 
jacket  wall.  The  steel  pipe  formerly  used  corroded  rapidly,  allowing 
jacket  water  to  enter  the  motor  cylinder  during  operation.  The 
substitution  of  brass  pipe  eliminated  this  trouble. 

108  It  was  found  that  dirt  accumulated  in  the  two  nipples  where 
the  oil  enters  the  motor  cylinders  at  each  end  near  the  bottom  of 
the  cylinder,  and  gradually  baked  with  the  oil,  plugging  the  connec- 
tion. An  appendix  consisting  of  a  pipe  tee  and  cock  was  provided, 
into  which  the  dirt  settled  to  be  blown  out  at  leisure. 

IGNITION 

109  The  detailed  construction  of  the  igniter  plugs  is  indicated  in 
Fig.  24.  The  bronze  bushing  forming  the  spherical  seat  for  the  mov- 
able steel  electrode  is  a  driving  fit  in  the  cast-iron  body  of  the  plug. 
The  cylindrical  head  of  the  stationary  electrode  seats  on  an  asbestos 
gasket  or  washer  carried  by  the  porcelain  insulating  plug  which  is 
formed  as  a  conical  frustrum  seated  in  a  cavity  in  the  cast-iron  plug 
on  a  bedding  of  htharge  and  glycerine.  Litharge  also  assists  in  main- 
taining tightness  between  the  cast-iron  plug  and  the  bronze  bushing. 
This  construction  is  very  satisfactory  in  every  way. 

110  Using  magneto  or  similar  low  voltage  current,  there  is  little 
burning  of  the  points,  and  the  life  of  both  electrodes  is  about  one 
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year.  The  bronze  bushing  lasts  about  six  months,  this  material  being 
the  most  satisfactory  thus  far  used.  The  upkeep  of  the  magnetos  is 
relatively  expensive,  and  a  ten-volt  direct-current  system  is  being- 
substituted. 

111  Dirty  plugs  are  caused  by  slipping  furnaces  and  wet  gas  con- 
taining dirt  which  fouls  and  bakes  at  the  terminals.  The  plugs  re- 
quire cleaning  on  an  average  of  once  to  twice  per  month.  The  spheri- 
cal seat  requires  regrinding  once  in  two  months,  and  the  plug  must 
be  retubed  one  in  six  months. 

112  Premature  combustion  is  due  to  high  hydrogen  content  in 
the  gas,  sharp  edges  or  corners  of  metal  exposed  to  the  flame,  dirt, 
and  improper  piston  packing.  Back-fires  are  due  to  prematures 
during  the  period  of  inlet  opening,  or  to  leaking  inlet  valves  under 
usual  conditions.     The  plant  under  discussion  has  had  but  little  of 
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Fig.  24    Details  of  Igniter  Plug 


any  such  trouble.    Miss-fires  are  due  to  wet  gas,  faulty  plugs  or  mag- 
netos and  weak  mixtures. 

113  An  indicator  diagram  showing  premature  ignition  is  shown 
in  Fig.  25.  The  maximum  pressure  indicated  in  this  instance  was 
385  lb.  gage  per  sq.  in. 

114  With  the  type  of  ignition  gear  in  use  there  is  an  interval  be- 
tween the  release  of  the  magneto  lever  and  the  opening  of  the  igniter 
terminals.  There  is  also  an  appreciable  time  required  to  complete 
combustion.  This  time  element  being  approximately  constant,  cor- 
rect ignition  requires  that  the  timing  of  the  release  shall  vary  to  some 
extent  with  the  speed  of  rotation.  The  ignition  gear  may  then  be 
linked  to  the  speed-adjusting  device  in  such  manner  as  automati- 
cally to  maintain  proper  timing  of  the  ignition  at  all  speeds. 
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GOVERNING 

115  When  designing  the  adjustable  speed-governing  apparatus 
for  the  blowing  engines  it  was  desired  to  ascertain  these  quantitative 
relations,  relative  to  ignition  and  speed  of  rotation,  and  the  results  of 
the  investigations  that  were  conducted  are  given  in  Appendix  No.  1. 

116  As  far  as  the  author  has  been  able  to  learn,  the  method  of 
speed  regulation  as  furnished  by  the  makers,  consisted  in  allowing  the 
gas  in  the  pump  discharge  pipe  to  flow  through  adjustable  leakage 
valves,  under  control  of  the  governor,  back  into  the  suction  connection 
or  gas  main.  For  the  blowing  engines  as  designed,  this  bypassing 
could  occur  only  during  the  suction  stroke  of  the  gas  pump;  hence 


Fig.  25    Indicator  Diagram  of  Premature  Combustion 

only  that  portion  of  gas  which  was  contained  in  the  discharge  duct 
or  passage  between  pump  and  inlet  valve  was  subject  to  this  control, 
the  result  being  that  after  the  pressure  in  the  duct  discharged  through 
the  bypass  valve,  no  further  bypassing  occurred,  the  remainder  of 
the  gas  from  the  pump  passing  on  into  the  motor  cylinder  whether 
required  or  not.  The  blowing  engines  could  not  be  governed  in  this 
manner. 

117  As  previously  noted,  at  the  power  house  a  system  of  throttle 
regulation  was  early  applied;  and  at  the  blowing  engines,  governors 
and  valve  gears  have  been  applied  which  allow  bypassing  to  occur 
during  both  suction  and  discharge  strokes  of  the  pump.  Speed  regu- 
lation at  light  load  is  rather  difficult  and  unsatisfactory  on  account  of 
miss-fires  and  other  variations  in  the  mean  effective  pressure,  due 
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to  weak  and  variable  mixtures  under  this  condition.  Fig.  26  shows 
the  relation  between  bypass-valve  opening  and  mean  effective 
pressure,  for  the  speed  regulating  apparatus  now  in  use  at  the  blowing 
engines.  The  character  of  the  curve,  however,  varies  considerably 
with  the  quality  and  pressure  of  the  gas. 


CYLINDERS,    PISTONS,    RODS,    VALVES,    ETC. 

118  The  average  life  of  a  motor  cyUnder  is  about  four  or  five 
years,  during  which  time  the  wear  as  measured  on  a  diameter  is 
a  I  out  three-eighths  inches.     The  cylinder   is  then  bored  out  and 
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bushed.     There  are  practically  no  cylinder  failures  from  any  cause 
other  than  wear. 

119  Exhaust  ports  at  power  house  No.  1  become  clogged  with 
flue  dirt  and  require  cleaning  after  about  three  months  of  operation. 
Exhaust  ports  at  the  blowing- engine  houses  do  not  foul  at  all. 
The  difference  is  prjbably  due  to  the  cleaner  ras  at  the  blo^ving- 
en  ine  houses,  and  possibly  in  some  degree  to  the  precipitation  of 
moisture  and  dirt  in  the  96-in.  header.?. 

120  Cylinder  relief  valves  require  cleaning  about  once  a  month. 
Jackets  of  cyhnders  and  heads  are  cleaned  about  once  a  year. 
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121  Cylinders  and  pistons  are  inspected  only  when  conditions  in- 
dicate. Their  wear  is  measured  and  recorded  at  the  same  time. 
A  test  for  tightness  consists  in  placing  the  crank  on  the  dead  point  and 
subjecting  one  end  of  the  cylinder  to  air  or  exhaust  pressure,  the 
plugs  being  removed  from  the  opposite  head  to  indicate  leakage,  if 
any,  through  the  piston.  Details  of  a  38|-in.  cylinder  are  shown  in 
Fig  17. 

>$  122  The  38^-in.  pistons  have  a  life  of  from  three  to  five  years. 
There  are  but  few  piston  failures  due  to  any  cause  other  than  wear. 
A  few  have  occurred  which  have  been  due  to  the  water  connections 
falling  down  inside  the  piston  and  wearing  a  hole  through  the  bottom. 
When  a  piston  has  worn,  say  A  in.  at  the  bottom,  it  is  turned  over 
and  used  in  a  standard  cylinder.  There  are  at  present  two  standard 
diameters,  38^  in.  for  new  cylinders  and  37|  in.  for  bushed  cylinders. 


Water 

Fig.  27    Device  for  Stripping  Tail  Rods 


123  The  large  piston  nuts,  when  dismantling  a  piston,  are  heated, 
removed,  cleaned  up  in  the  lathe  and  used  again.  About  half  of  the 
small  piston  nuts  have  to  be  split  off,  the  rest  being  utilized  again. 
There  is  considerable  corrosion  around  the  studs  and  nuts,  and  at  the 
joint  between  rod  and  piston,  thus  forming  what  may  be  called  a  rust 
joint.  The  tail  rods  are  removed  from  the  piston  either  by  means  of 
the  special  device  shown  in  Fig.  27  or  by  means  of  screw  jacks  and 
rams.  When  using  the  former,  the  concentric  pipes  are  first  cooled 
with  water  and  the  nut  at  the  end  of  the  tail  rod  set  up;  steam  is 
then  admitted  between  the  pipes  at  atmospheric  pressure  to  lengthen 
the  pipes.    This  cycle  is  repeated  until  the  rod  is  free  from  the  piston. 
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When  it  becomes  necessary  to  remove  the  piston  rod,  the  piston  is 
broken  away  either  with  dynamite  or  under  the  drop  hammer. 

124  The  wear  of  piston  rods  occurs  principally  at  the  end  of  the 
stroke  and  amounts  to  about  a  quarter  of  an  inch  on  the  diameter  in 
three  years.  It  is  then  turned  and  will  suffice  for  two  or  three  years 
more. 

125  The  average  life  of  the  motor  cylinder  heads  is  not  well 
established,  but  it  may  be  set  at  three  years  or  more.  A  few  of  the 
original  heads  at  the  blowing  engines  are  still  in  service.  Failures  of 
these  occur  principally  at  the  junction  of  the  jacket  wall  and  the 
main  flange  on  each  side  of  the  inlet  valve  chamber,  but  this  trouble 
has  been  substantially  ehminated  by  employing  proper  fillets.  Some 
heads  have  developed  cracks  through  the  inner  wall;  two  or  three  have 
had  the  inner  walls  blown  entirely  away,  but  this  was  found  due  to 
faulty  castings. 

126  The  inlet  valves  last  about  three  years  before  turning  and 
about  the  same  time  after  they  are  turned  down.  They  do  not  require 
grinding-in  except  when  new.  Stems  are  broken  occasionally  near 
the  top  yoke.  Little  cleaning  of  the  inlet  valve  or  the  ports  is  neces- 
sary. 

127  Gas  pump  cylinders  and  heads  require  cleaning  every  six 
to  eight  months  on  account  of  dirt  getting  into  the  clearance  near  the 
bottom.  By  feeding  a  little  kerosene  through  the  pump  valves  clean- 
ing is  avoided. 

128  Cylinder  heads  are  packed  principally  with  te-in.  woven  wire 
insertion  asbestos  sheet.  Piston  joints  are  made  up  either  with  ^  -in. 
wetted  asbestos  paper,  or  with  a  paste  of  litharge  and  glycerine,  or 
with  another  form  of  packing  known  under  the  trade  name  of  "900." 
All  give  satisfactory  results. 

129  The  life  of  the  lyV^^^-  snap  piston  rings  is  about  two  years. 
The  openings  are  securely  dowelled  in  place  near  the  bottom  of  the 
cylinder,  being  thus  effectively  closed  by  the  piston  which  is  always  in 
contact  with  the  bottom  of  the  cylinder. 

130  The  piston  rods  are  packed  with  four  cast-iron  rings  of  the 
Walker  type  in  a  casing  exterior  to  the  head.  Packings  are  overhauled 
about  every  six  months  to  renew  broken  springs  and  rings.  Casings 
are  trued  up  at  the  time  of  overhauling  the  piston  once  in  two  or 
three  years. 

131  The  swinging  connections  for  the  piston  water  supply  re- 
quire to  be  packed  about  twice  a  year.  The  life  of  the  brass  goose 
necks  is  about  two  years. 
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132  Rod  connections  require  keying  up  on  the  left  side  once  a 
year  and  on  the  right  side  once  in  two  months.  The  main  bearings 
have  required  no  adjustments. 

133  The  life  of  the  inlet  cams  is  about  six  years.  Wear  of  the  steel 
gears  of  the  layshaft  occurs  on  four  teeth  at  the  end  of  four  or  five 
years;  the  gears  are  then  shifted  on  the  shaft  so  that  unworn  teeth  are 
in  action  during  the  inlet  valve  opening. 

134  The  inlet  valves  are  operated  through  heavy  push  rods  driven 
by  cams  and  rollers.  High  inertia  stresses  are  thus  developed  at 
the  higher  engine  '^^peeds.  With  present  inlet  valve  springs  which 
operate  under  a  compression  of  2500  to  3500  lb.  at  the  blowing 
engines,  the  roller  leaves  contact  with  the  cam  at  about  65  to  70 
r.  p.m.  Many  of  the  original  push  rods  have  been  broken  by  the  result- 
ing inertia  stresses  and  new  and  stronger  rods  have  been  made. 

135  As  previously  stated  the  shaft  of  the  2000-h.p.  engine  is  of 
the  built-up  type  and  it  has  been  the  cause  of  no  trouble  whatever. 
There  have  been,  however,  several  shaft  breakages  at  the  1000-h.p. 
engines  which  have  shafts  forged  in  one  piece  and  operate  at  100  r.p.m. 
The  author  has  made  no  investigation  relative  to  the  stresses  in  these 
shafts,  but  believes  that  their  life  would  have  been  longer  had  they 
been  of  the  built-up  type  and  of  present  diameters. 

IZQ  At  the  1000-h.p.  engines  there  has  also  been  trouble  with 
certain  brackets  and  fastenings  due  to  inertia  stresses  set  up  by  the 
inlet  gear.  The  governor  being  driven  from  the  layshaft,  considerable 
wear  is  imposed  on  the  mechanism  due  to  reversal  of  the  torque  at  the 
layshaft  as  the  point  of  each  cam  passes  under  the  roller.  Some 
trouble  from  prematures  at  the  1000-h.p.  engines  was  experienced, 
due  to  the  indicator  holes  through  the  flange  of  the  cylinder  head. 
Water  cooled  indicator  connections  were  substituted. 

OPERATING    COSTS 

1 37  The  fuel  consumption  at  the  blowing  engines  amounts  to  about 
18,500  B.t.u.  per  i.h.p.  hour  at  the  blowing  cyhnder,  equivalent  to 
162,000,000  B.t.u.  per  h.p.  year  of  8760  hours.  This  is  equivalent 
to  5.79  long  tons  of  steam  coal  which  has  a  heating  value  of  28,000,000 
B.t.u.  per  ton.  Assuming  the  price  of  such  coal  to  be  $2  per  ton, 
the  fuel  cost  becomes  $11.58  per  delivered  h.p.  year  of  8760  hours. 

138  Other  operating  costs  at  blowing-engine  house  No.  2  for  the 
year  1907  were  as  follows.  A  continuous  output  of  6000  h.p.  at  the 
blowing  cyUnders  was  assumed,  which  is  as  nearly  correct  as  possible, 
and  on  this  basis  the  various  costs  were  itemized. 
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OPERATING  COSTS    AT  BLOWING-ENGINE    HOUSE    NO.   2  -  1907 

Item  Cost  per  d.h.p.  year 

Producing  labor $4,504 

Labor  to  repairs  and  maintenance 0 .  320 

Material  to  repairs  and  maintenance 1 .  152 

General 3.962 

Total  operating  cost $9 .  94 

The  total  cost  of  fuel  and  operation  under  the  conditions  assumed  is 
therefore  $21.52  per  h.p.  year  of  8760  hours. 
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OBSERVED  QUANTITATIVE  RESULTS 

139  Some  material  pertaining  to  this  subject  has  ah-eady  been 
indicated  under  the  heading  of  General  Notes  Relating  to  Operation. 
A  series  of  efficiency  trials,  data  upon  which  are  tabulated  in  Appen- 
dix No.  3,  was  run  upon  one  of  the  blowing  engines  from  which  deduc- 
tions have  been  made  upon  the  performance  of  the  engine  under 
different  conditions  of  operation. 
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140  The  speed  regulation  during  these  trials  was  by  throttle 
and  bypass  alternately,  at  least  one  trial  being  made  under  each  con- 
dition of  governing  at  various  blast  pressures.  In  the  tabulation, 
these  trials  are  grouped  in  pairs,  the  several  blast  pressures  intended 
being  respectively  5,  10,  15.  20  and  25  lb.  per  sq.  in.  nominal  gage 
pressure.     It  was  expected  that  the  bypass  method  of   regulation 
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would  show  an  advantage  due  to  reduced  pump  work,  etc.,  but  such 
assumption  does  not  seem  to  be  proven,  the  blast  horsepower  efficien- 
cies showing  substantially  the  same  figure  under  corresponding  load 
conditions. 

141  Fig.  28  represents  the  gross  mechanical  efficiency  of  the  mech- 
anism plotted  against  the  blast  pressure.  It  is  the  ratio  of  the  sum 
of  pump  and  compressor  horsepowers,  to  the  total  indicated  motor 
horsepower,  and  is  a  measure  of  the  degradation  due  alone  to  the 
mechanical  friction  of  the  mechanism.  Fig.  29  represents  the  net 
mechanical  efficiency  of  the  engine,  or  the  ratio  of  useful  work  in 
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the  blowing  cylinder  to  total  indicated  work  in  the  motor  cylinders, 
and  is  a  measure  of  the  loss  due  to  the  sum  of  pump  work  and  mechan- 
ical friction.  A  third  figure,  which  might  be  termed  the  "real"  me- 
chanical efficiency,  would  be  the  ratio  of  work  delivered  at  the  blow- 
ing cylinder,  to  the  difference  between  motor  work  and  pump  work; 
or  the  ratio  of  delivered  indicated  horsepower,  to  net  indicated  motor 
horsepower. 

142  The  expression  net  i.h.p.  occurring  in  the  tabulated  n.acerial 
from  the  various  engine  trials  is  herewith  defined  as  the  difference 
between  the  total  indicated  horsepower  of  the  motor  cylinders,  and 
the  total  indicated  horsepower  of  the  pumps.     Having  in  mind  the 


1888 


FIRST   LARGE    GAS-ENGINE    INSTALLATION 


above  definition,  the  curves  relating  to  heat-transforming  efficiency, 
and  heat  consumption,  indicated  in  Figs.  30  to  35  are  self-explanatory. 

143  Figs.  36  and  37  are  measures  of  the  degradation  due  to  pump 
work.  The  curves  would  have  been  modified  in  some  degree,  had  the 
gas  supply  pipe  and  venturi  meter  been  of  larger  dimensions. 

144  Figs.  38  and  39  show  the  losses  due  to  friction  of  the  mechan- 
ism.   Figs.  40  and  41  indicate  the  losses  occurring  due  to  incomplete 
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combustion  in  the  motor  cylinders  under  the  various  load  conditions. 
As  will  be  noted  the  minimum  loss  due  to  this  cause  is  about  30  per 
cent  of  the  total  heat  supplied  to  the  engine  and  accounts  for  the 
low  conversion  efficiency  of  less  than  15  per  cent  showm  by  these 
engines. 

145     The  diagrams  of  jacket  losses  shown  in  Figs.  42  and  43 
apparently  indicate  that  losses  due  to  this  cause  are  somewhat  erratic 
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in  magnitude.  In  Fig.  43  an  attempt  was  made  to  modify  these  dis- 
crepancies by  introducing  a  speed  factor,  with  indifferent  success. 
The  jacket  loss  here  shown  is  beheved  to  be  considerably  less  than 
is  usual  with  engines  of  the  four-stroke  cycle  type. 

146  Figs.  44  and  45  represent  the  sensible  heat  in  the  exhaust  or 
the  balance  by  difference. 
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147  Fig.  46  is  a  chart  of  the  various  horsepowers  plotted  against 
the  average  blast  pressure  and  Fig.  47  is  a  diagram  of  the  correspond- 
ing percentages  based  on  the  motor  indicated  horsepower  and  referred 
to  the  same  abscissae.    In  Fig.  46  the  respective  straight  liiie  locii  of 
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the  motor  horsepower  and  pump  horsepower  were  produced  in  broken 
line  to  intersect  the  zero  axis.  The  corresponding  intercepts  show  the 
probable  respective  values  of  these  quantities  at  zero  blast-pressure. 
The  difference  between  these  two  values  will  then  be  the  probable  fric- 
tion under  conditions  of  zero  blast-pressure.   From  these  assumed  prob- 
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able  values,  corresponding  figures  were  calculated  to  apply  to  the  per- 
centage chart  of  Fig.  47,  and  the  respective  percentage  curves  were 
produced,  as  shown  in  broken  line,  to  meet  these  values. 

148     It  will  be  observed  that  the  horsepower  of  friction  at  constant 
speed  varies  in  considerable  degree,  and  inversely  with  the  torque 
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This  may  be  explained  in  whole  or  in  part,  when  it  is  remembered  that 
the  pressure  at  the  bearing  is  a  differential  between  that  due  to  the 
inertia  of  the  reciprocating  parts  and  that  due  to  the  pressure  in  the 
motor  cylinder,  the  inertia  pressure  being  in  excess.     The  bearing 


50 

t 

r 

Ig" 

-, 

- 

J3-3 

^ 

■^ 

> 

■ — , 

o1^ 

^ 

H 

\ 

:!|3o 

/ 

N 

/ 

\ 

A 

\ 

/ 

\ 

/ 

0 

s 

s 

/ 

/ 

10 

30  40  50  eo 

M.e.p-motor  cylinder 

Fig.  44    Sensible  Heat  in  Exhaust — per  cent  of  Total  Heat 


bUUO 

1 

i    1 

1 

1 

1 

1 

j 

1     i 

1 

1 

1    ! 

^ , 

L^ 

1       - 

V'' 

- 

p 

i/ 

' 

\ 

1 

/ 

\ 

/ 

" 

\ 

' 

\ 

/ 

\ 

3000 

" 

s, 

/ 

/ 

\ 

^ 

2000 

. 

30  40  50  60 

M.e.p.-motor  cylinder 

Fig.  45    Sensible  Heat  in  Exhaust — B.t.u.  per  Motor  h.  p. -hour 


pressures  at  the  dead  points  are  therefore  reduced  by  the  pressures 
of  compression  and  explosion. 

149     Figs.  48  and  49  are  efficiency  and  heat  consumption  curves 
obtained  from  tests  of  the  1000-h.p.  engines. 


FIRST    LARGE    GAS-ENGINE    INSTALLATION 


1893 


~ 

~ 

" 

-^ 

^. 

2000 

-■ 

^ 

^ 

' 

a  ]600 

.<^\i^ 

, 

^ 

X- 

V 

'^ 

^ 

§ 

-'1 

^ 

' 

5  1200 

f." 

v^^•» 

<< 

^ 

^^ 

VN*?- 

■^ 

S 

,- 

«- 

' 

^ 

a  800 

^ 

, 

^ 

^ 

/ 

' 

"> 

•«. 

' 

, 

,, 

~~. 

c-^' 



— 

_s. 





— 

— 

— 

- 

■<■> 

— 

— 

—  Frictiun-h'n- 

• 

y 

■ 

" 

— 

1 — 

■*-r^ 

1 — 

..«- 

1 



rf. 

J  5  10  15  20  25  30 

Blast  pressure  —lb.  per  sq.  in,  gage 

Fig.  46    Curves  of  h.p..and  Blast  Pressure 


1<,' 

^ 

Jo 

to 

r 

■"' 

^80 

g 

•g 

^ 

- 

— 

t  60 

s 

1 

>\i 

p- 

— - 

U- 

^ 

-- 

^ 

^ 

[ 

^^ 

' 

5 

'^ 

^ 

^ 

'%'' 

s 

^ 

:::^ 

--- 

^^, 

^ 

% 

~1 

— 

Y- 

s* 

^ 

a 

— 

__ 

/ 

\ 

L 

^ 

F 

= 

^ 

_ 

2_ 

_ 

_^ 

p 

un 

ip 

— 

- 

L 

— 

20 

— 

^ 

~/ 

e- 

— 

h 

- 

— 

— 

i 

=- 

-^ 

= 

^ 

— 

— 

"1 

i-i 

H 
c-t 

01 

~ 

^ 

"~ 

/ 

^ 

L-s. 



_ . 

/ 

10  15  &0 

Blast  pressure -Ib.pcr  sq.in.guge 


Fig.  47    Curves  of 


Motor   h.p. 


AND  Blast  Pressure 


1894 


FIRST   LARGE    GAS-ENGINE    INSTALLATION 


~ 

r- 

/. 

" 

rr 

1 

^e:t  i, 

f" 

■^ 

■~-r- 

1    , 

Ji 

r-' 

■:^ 

■ 

1- 

^ 

t^ 

-- 

•^ 

- 

" 

rJ^ 

-' 

T! 

no 

w  0. ~ . ^ ~ 

200  400  600  800  1000  1200 

Net  h.p. 

Fig.  48    Curves  of  Efficiency  for  1000-h.p.  Engines 


00  uw 

\ 

46000 

\ 

\ 

40000 

\ 

35000 

\ 

\ 

"Isoooo 

S 

s 

1 25  000 

\ 

\ 

3  20000 

^ 

\ 

\ 

w 

hM 

. 

'^I'inoo 

^ 

^ 

--i 

r-~, 

"^ 

U.-p   ^'-^L 

f 

10000 

-a- 

-_ 

V 

U 

h 

5000 

0      200     400     600     800     1000    1200 
Net  h.p. 

Fig.  49    Curves  of  Heat  Consumption  for  1000-h.p.  Engines 


APPENDIX  NO.  i 

INVESTIGATION  TO  DETERMINE  RELATION  BETWEEN  POINT  OF 
IGNITION  AND  SPEED  OF  ROTATION 

150  In  this  investigation  an  engine  indicator  was  utilized,  the  drum  motion 
of  the  same  being  derived  from  the  gas  pump  crosshead.  A  cord  attached  to  the 
pencil  lever  of  the  indicator  was  connected  first  to  the  magneto  lever,  and 
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second  to  a  crank  arm  on  the  igniter  stem.  In  this  manner  the  timing  of  the 
magneto  release,  and  of  the  opening  of  the  igniter  terminals,  both  relative  to  the 
motion  of  the  gas  pump  crosshead,  were  obtained.  This  investigation  was  con- 
ducted by  E.  E.  Kiger  and  the  results  are  shown  in  the  form  of  curves  in  Figs. 
50  to  54  inclusive. 
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Positions  of  Motor  Crank  and  Crop shead  for  Various  Ignition 
Points  w^hen  Igniter  Opens 


151  Following  is  the  explanation  of  the  curves  as  taken  from  Mr.  Kiger's 
report. 

152  "Curves  of  Fig.  50  are  diagrams  of  the  relative  positions  of  motor 
crank  and  motor  crosshead  to  the  pump  stroke  or  crosshead,  and  ^\ere  drawn 
by  laying  out  the  various  positions  from  the  relative  crank  angles  of  the  engine. 

153  "These  diagrams  were  used  to  locate  ignition  points  relative  to  motor 
crank  and  crosshead  after  having  determined  them  by  experiment  relative  to 
the  pump  crosshead. 
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154  "Curves  on  sheet  Fig.  51 — ^Diagrams  were  taken  on  an  indicator  pulled 
from  the  pump  crosshead,  the  pencil  being  attached  by  cord  io  the  igniter. 
The  point  taken  for  ignition  is  one  that  is  half  way  between  the  point  of  striking 
the  igniter  and  the  extreme  position  of  the  igniter.  Motor  cards  were  taken 
together  with  the  ignition  cards  at  dififerent  points  of  ignition  from  5  to  9  on  the 
arbitrary  index  scale  of  the  engine.  A  series  of  cards  was  taken  at  two  speeds, 
54  and  61  r.p.m.    Enough  gas  was  used  at  all  ignitions  to  produce  good  motor 
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cards  by  regulating  the  opposite  side  of  the  engine.  Using  curves  of  Fig.  50, 
these  points  were  transferred  from  pump  base  to  motor  base  as  shown  on 
Fig.  51. 

155  "Curves  of  P  ig.  52 — Location  of  motor  crank  and  crosshead  is  shown  at 
release  of  magneto  lever  for  the  various  ignition  points  on  the  arbitrary  scale. 
Curves  were  obtained  in  similar  manner  to  those  on  Fig.  51,  except  that  the  cord 
was  attached  to  the  release  lever  of  the  magneto,  instead  of  to  the  igniter. 

156  "Curves  on  Fig.  53— While  Fig.  51  shows  positions  for  two  speeds.  Fig. 
53  shows  positions  for  various  speeds,  under  both  normal  and  checked  'condi- 
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FOR  Good  Cards  at  Average  Blast  and  Check  Condition 

FOR  Various   Speeds 
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tions  of  the  furnace.  Engine  was  regulated  to  give  good  cards  at  all  speeds. 
Read  by  tracing  on  horizontal  from  left  to  right,  when  intersecting  a  curve, 
read  down  to  obtain  correct  abscissa.  A  straight  line,  shown  dotted,  was 
used  for  governor  work. 

157  "Curves  on  Fig.  54 — Curve  as  per  points  was  made  by  combining  52 
and  53,  giving  the  lag  angle  of  crank  of  motor  between  release  of  magneto  lever 
and  ignition.  No  points  were  obtained  at  low  speeds,  but  at  zero  speed  there 
would  be  zero  lag  angle,  therefore  the  more  probable  curve  is  as  shown 
dotted." 

158  The  motion  of  the  pump  was  used  because  of  its  greater  rapidity  during 
the  ignition  period,  thus  securing  greater  accuracy  of  observation  than  if  the 
direct  motion  of  the  motor  crosshead  had  been  utilized.  Fig.  53  shows  that  the 
actual  opening  of  the  igniter  circuit  occurs  under  lead  angles  varying  from 
30.5  deg.  at  30  r.p.m  to  37.5  deg.  at  60  r.p.m.  in  order  to  produce  proper  timing 
of  the  combustion  as  determined  from  simultaneous  indicator  diagrams  of  the 
work  in  the  motor  cylinder.  The  corresponding  timing  of  the  release  of  the  mag- 
neto lever  is  seen  to  vary  from  about  36  deg.  at  30  r.p.m.  to  49  deg.  at  60  r.p.m. 
The  time  at  which  combustion  was  complete,  as  determined  from  the  in- 
spection of  simultaneous  work  diagrams  in  the  motor  cylinder,  was  maintained 
constant,  as  nearly  as  could  be  estimated,  at  about  10  deg.  past  the  motor  crank 
center. 


APPENDIX  NO.  2 
DIAGRAM   SHOWING  LOSSES  DUE   TO   AIR  AND    GAS  PUMPS 


159  Fig.  56  shows  crank  circle  diagram  of  the  various  events  for  the  motor 
cylinder,  the  timing  of  the  various  events  such  as  opening  and  closing  the 
inlet  and  exhaust  valves,,  etc.,  being  indicated  in  degrees  referred  to  the  motor 
crank  dead  points. 

160  Figs.  55,  57  and  58  are  pressure  diagrams  taken  at  the  various  pump 
cylinders  and  connections  as  noted  thereon.  Fig.  57  is  an  average  of  head 
and  crank  diagrams  referred  to  a  pump-piston  motion  base  line.  Figs.  55  and  58 
are  similar  diagrams  referred  to  the  motion  of  the  motor  piston.  The  method  of 
governing  at  the  time  these  diagrams  were  taken  was  throttling.  From  the  dia- 
grams the  pressure  losses  through  the  various  parts  of  the  apparatus  supplying 
air  and  gas  may  be  deduced.  This  pump  work,  amounting  to  20  per  cent  or  more 
of  the  indicated  horsepower,  is  one  of  the  limiting  factors  preventing  the 
attainment  of  the  best  economy  from  the  engines  as  constructed. 
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Fig.  55    Average  Diagrams  from  Gas  Pump  (Motor  Base) 
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Ail-  disch?.rge  bed  begins  -1.9^  stroke 


Exhaust  opens    37.3^  strolie 


Gas  suction  closes -12.3^  stroke 
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Fig.  57    Average  Diagrams  from  Gas  and  Air  Pumps  (Pump  Base) 
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Fig.  58    Average  Diagrams  from  Air  Pump  (Motor  Base) 


APPENDIX  NO.  3 
DATA  UPON  EFFICIENCY  TRIALS  OF  2000-H.P.   BLOWING  ENGINE 

161  The  following  matter  is  principally  the  tabulation  of  data  and  calcu- 
lated results  from  a  series  of  efficiency  trials  at  one  of  the  blowing  engines. 

162  The  measurement  of  the  gas  was  by  means  of  a  16-in.  venturi  meter  in 
the  gas-supply  pipe  leading  to  the  pumps.  The  general  arrangement  of  meter, 
surge  tank  and  piping  are  shown  in  Fig.  59.  The  meter  is  a  little  small  for  the 
service,  in  consequence  of  which  the  blast  pressure  could  not  be  carried  beyond 


Fig.  59.  General  Arrangement  of  Meter  and  Piping 


28  lb.  gage.  The  coefficient  of  the  meter  was  assumed  to  be  unity,  and  no  cor- 
rections were  made  for  dirt  or  moisture  in  the  gas,  same  not  being  observed. 
163  The  composition  of  the  gas  was  obtained  by  means  of  an  Orsat  apparatus, 
which  was  equipped  with  a  palladium  tube  for  the  determination  of  hydrogen. 
A  continuous  sample  was  taken  and  analyzed  at  the  end  of  the  trial;  another 
was  taken  from  each  of  the  exhaust  pipes  and  analyzed  after  the  completion  of 
the  run.  Correction  of  the  carbon-monoxide  in  the  exhaust  gases  was  made  as 
shown  in  the  correction  chart  for  Orsat  apparatus,  Fig.  60,  plotted  from  the 
data  of  Dennis  and  Edgar.  For  determining  the  calorific  power  of  the  gas,  the 
high  heating  value  of  the  gas,  as  calculated  from  the  analysis,  was  used. 
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164  The  jacket  water  was  determined  by  means  of  two  orifices  in  a  thin 
plate,  one  inserted  in  each  piston  water-supply  pipe.  The  calibration  curves 
of  these  orifices  are  shown  in  Figs.  61  and  62. 

165  The  calibrations  of  all  instruments  used  for  observing  pressures  and 
temperatures  were  known.  The  diameters  of  the  various  cylinders  were  not 
calipered,  but  the  error  due  to  this  neglect  can  not  be  great. 

166  Representative  indicator  diagrams  for  various  of  the  tests  are  shown  in 
Figs.  63  to  67.  The  various  efficiencies  and  heat  consumptions  are  indicated 
the  form  of  curves.  In  the  plotting  of  these  curves,  tests  31  and  36  were 
disregarded  because  of  discrepancies  in  the  gas  analyses. 

167  The  dilution  coefficient  of  the  exhaust  gases  includes  the  scavenging 
air.    The  method  used  for  obtaining  the  coefficient  is  given  below. 
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DILUTION  COEFFICIENT  OF  EXHAUST  GASES 
Let 

iVu  =  nitrogen  in  fuel 

N\  =  nitrogen  in  theoretic  air  for  combustion 

A'^2  =  nitrogen  in  actual  air  supplied 

A'^.-,  =  nitrogen  in  excess  air  supplied 

iV  =  nitrogen  in  products  of  combustion 

X  =  dilution  coefficient 


N2 


N.   +  N-. 


N, 


.[1] 


16S    Equation  [l]  is  true  for  volume  or  weight  analysis,  and  if  little  or  no 
nitrogen  exists  in  the  fuel,  then  Ni  =  A'^,  and,  as  is  usual, 


X    = 


N 


N  -  N, 


.f2] 


A^ 


for  volume  analysis 


vO  -  CO) 


N 


7677 
2323 


CO 


for  weight  analysis 


169     In  the  present  instance,  where  the  fuel  contained  appreciable  nitrogen, 
the  following  methods  and  notation  were  used,  the  volume  analysis  of  the 
exhaust  gases  being  reduced  to  equivalent  weight  analysis: 
A  =  theoretic  air  required  in  lb.  per  min. 
0  =  weight  fraction  of  oxygen  in  exhaust  gases 
CO  =  weight  fraction  of  CO  in  exhaust  gases 
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iV    =  weight  fraction  of  nitrogen  in  exhaust  gases 
No   =  nitrogen  in  fuel  in  lb.  per  min. 
Y     =  air  supplied  in  lb.  per  min. 
Z     =  exhaust  gases  in  lb.  per  min. 

0.7677  7  +  iVo   =  A^Z  =  total  nitrogen 

26 

28 

No  +  0.7677  A 


0.2323  \ 


CO 


excess  air 


Y  = 


N  -  3.305(0 

NZ  -  No 
0.7677 


(o-» 


X  = 


TEST  OF  NO.  2  GAS  ENGINE  AT  7.65-LB.  BLAST  PRESSURE 


D.\TA    RELATING   TO    TESTS 

1  Numberof  test 27 

2  Dateof  test,  1909 April  9 

3  Duration  of  test,  min 60 

4  Method  of  regulation ■  Throttle 

5  Sets  of  indicator  diagrams 9 

6  Venturi  meter 

Pipe  diameter 16  in.,  Area  1.396 

Throat  diameter 6^  in..  Area  0.213 

7  Number  of  venturi  observations 13 

8  R.p.m.  of  engine 57.92 

9  Gas  pressure,  in.  water 7.37 

10  Pi— Pz,  in.  water 16 .38 

11  Gas  temperature,  deg.  fahr 36.6 

12  Barometer,  in.  mercury 29.18 

13  Absolute  pipe  pressure,  lb.  per  sq.  in 14.58749 

14  Absolute  throat  pressure,  lb.  per  sq.  In 13.99642 

15  Ratio    —  0.959481 

Pi 

16  Mfl—\  0.3380                          0.38 

Jacket  Water 

Right  Side 

17  Water  used  per  hr.,  lb 8100                       11,100 

18  Temperature  inlet,  deg.  fahr 39                            39.5 

19  Temperature  discharge,  deg.  fahr 118                            150 

Left  Side 

20  Water  used  per  hr.,  lb , .  8650 

21  Temperature  inlet,  deg.  fahr 39 

22  Temperature  discharge,  deg.  fahr 168, 1 


37 

April  15 


Byi 


sq.  ft. 
sq.  ft. 

13 

57.60 

12  61 

22.23 

47.5 

29.63 

14.99743 

14.19526 

0.9465 


10,700 
39.5 
J54.4 
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Fuel  Gas  Analysis  by  Volume 


23  COi,  percent 8.8 

24  O,  percent 0.3 

25  CO,  per  cent 28 . 1 

26  H,  percent 1.0 

27  N  (by  difference),  per  cent 61.8 

28  Weight  per  cu.  ft.,  standard  conditions,  lb 0 .  0814588 

29  Weight  per  cu.  ft.,  test  conditions,  lb 0. 

30  Heating  value  per  cu.  ft.,  standard  conditions,  B.t.u 99.291 

31  Heating  value  per.  cu.  ft.,  test  conditions,  B.t.u 97.7199 


12.8 

0  1 

26.2 

0  7 

60.2 

0.0834342 

0.0826120 

91.771 

90.8668 

Exhaust  Gas  Analysis  by  Volume 


Right  Side 

32  CO,  per  cent 6.5 

33  O,  percent 13  6 

34  CO,  per  cent 4.0 

35  N  (by  difference),  per  cent 75.9 

Left  Side 

36  CO.  percent 5.8 

37  O,  per  cent 13 .4 

38  CO,  per  cent 4.1 

39  N  (by  difference),  per  cent 76.7 

Cylinder  Pressures  and  Horsepowers 

Number  of  test 27 

Date  of  test,  1909 April  9 

Mean  Effective  Pressures 

Motor 

Right  head 21.46 

Crank 28 .  73 

Left  head 47.21 

Crank 42.60 

Air  pump 

Right  head 4.37 

Crank 4.71 

Left  head 5.30 

Crank 4.66 

Gas  pump 

Right  head 5 .  88 

Crank 5 .  74 

Left  head 6.19 

Crank 5 .  95 

Air  tub 

Head 6.17 

Crank 6.51 

Horsepowers 
Motor 

Right  head 204.47 

Crank 273.73 

Left  head 449.81 

Crank , 405.89 


9.0 

11.8 


8.6 
11.8 

4.4 
75.2 


37 

April  15 


37  40 
33.26 


26.40 

4.13 
3.73 
4.48 
4.06 

4.53 
4.52 
5.01 
4.55 

7.08 
7.29 


354.37 
315.15 
360.34 
250.18 
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Air  pump 

Right  head. 35.56 

Crank 38.19 

Left  head 43.13 

Crank 37. 79 

Gas  pump 

Right  head 67 .  43 

Crank 75.69 

Left  head 70.99 

Crank 68 .  10 

Air  tub 

Head 245 .  62 

Crank 256.29 


36.26 
32,74 

51.66 
51.45 

57.14 
51.79 

280.29 
285.41 


KESULTS  OF  TESTS 


1  Number  of  test 27 

2  Date  of  test,  1909 AprU  9 

3  Method  of  regulation Throttle 

4  Blast  pressure,  lb 7.1 

5  R.p.m.  of  engine 57.92 

6  Gas  per  hr.,  standard  conditions,  cu.  ft 193,846 

7  Gas  per  hr.,  test  conditions,  cu.  ft 196,963 

8  B.t.u.  per  cu.  ft.,  standard  conditions 99.291 

9  B.t.u.  per  cu.  ft.,  test  conditions 97.7199 

10  Total  B.t.u.  in  gas  per  hr 19,247,230 

11  I.h.p.  of  motor  cylinders 1,333.90 

12  I.h.p.  of  air  pumps 154.67 

13  I.h.p.  of  gas  pumps 272.21 

14  I.h.p.  of  blowing  cylinder 501.91 

15  I.h.p.  net 907.02 

16  I.h.p.  friction 405.11 

17  Gross  mechanical  efficiency  of  engine,  per  cent 69.63 

18  Net  efficiency  of  engine,  per  cent 37.63 

19  Cu.  ft.  of  gas  per  l.h.p-hr..  standard  conditions 145.32 

20  Cu  ft.  gas  per  net  h.p-hr.,  standard  conditions 213.72 

21  Cu.  ft.  gas  per  blast  h.p-hr.,  standard  conditions 386.22 

22  B.t.u.  per.  l.h.p-hr 14,492 

23  B.t.u.  per  net  h.p-hr 21,220 

24  B.t.u.  per  blast  h.p-hi 38,348 

25  Efficiency  per  i.h.p.,  per  cent 17.64 

26  Efficiency  per  net  h.p.,  per  cent 11.99 

27  Efficiency  per  blast  h.p.,  per  cent 6.64 

28  Dilution  coefficient 3.66 

29  Potential  heat  In  exhaust  per  hr.,  B.t.u 10,667,950 

30  Heat  absorbed  by  jacket  water  per  hr.,  B.t.u 1,761,670 

31  Sensible  heat  In  exhaust,  etc.  per  hr.,  by  difference 

B.t.u 3,422,750 

Distribution  of  Total  Heat 

32  Delivered  to  the  blast,  per  cent 6.64 

33  Pump  work,  per  cent 5 .  65 

34  Friction,  per  cent 5.35 

35  Absorbed  by  jacket,  per  cent 9.15 

36  Incomplete  combustion,  percent 55.43 

37  Balance  by  difference,  per  cent 17. 18 


37 

AprU  15 
Bypass 

8.2 
57.60 
222.635 
224,851 
91.771 
90.8666 
20,431,500 
1,280.01 
132.50 
212.04 
565.70 
935.47 
369.76 
71.28 
44.19 
173.93 
237.99 
393.56 
15,961 
21,841 
36,117 
15.94 
11.65 
7.05 
2.95 
10,592,600 
2,462,630 

4,121,030 


7.05 
4.29 
4.60 
12.05 
51.84 
20.17 
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TEST   OF  NO.    2      GAS   ENGINE    AT    13.65  LB.    BLAST   PRESSURE 
DATA   RELATING   TO    TESTS 

1  Number  of  test 28  36 

2  Date  of  test,  1909 AprU  9  April  15 

3  Duration  of  test,  mln 60  60 

4  Method  of  regulation Throttle  Bypass 

5  Sets  of  indicator  diagrams 9  9 

6  Venturl  meter 

Pipe  diameter,  in 16,  area  1.396  sq.  ft. 

Throat  diameter,  in 6i,    area  0.213  sq.  ft. 

7  Number  of  venturl  observations 13  13 

8  R.p.m.  of  engine 58  57.92 

9  Gas  pressure.  In.  water 7.81  11 .01 

10  Pi  -  P2,  in.  water 16.43  24.72 

1 1  Gas  temperature,  deg.  f ahr 38  42 . 5 

12  Barometer.in.  mercury 29.13  29.62 

13  Absolute  pipe  pressure,  lb.  per  sq.  in 14.57882  14.93479 

14  Absolute  throat  pressure,  lb.  per  sq.  in 13.98594  14.04277 

15  Ratio    — 0.95933  0.9403 

Pi 

16  M/  (  ^j 0.3385  0.406 


Jacket  Water 

Right  Side 

17  Water  used  per  hr.,  lb 8000 

18  Temperature  inlet,  deg.  fahr 39 

19  Temperature  discharge,  deg.  fahr 180.8 

Left  Side 

20  Water  used  per  hr.,  lb 12,950 

21  Temperature  inlet,  deg.  fahr 39 

22  Temperature  discharge,  deg.  fahr 172.8 

Fuel  Gas  Analysis  by  Volume 

23  CO2  per  cent 8.8 

24  O,  per  cent .2 

25  CO,  percent 28.4 

26  H,  per  cent 1.0 

27  N  (by  difference),  per  cent 61.6 

28  Weight  per  cu.  ft.,  standard  conditions,  lb 0 . 0814471 

29  Weight  per  cu.  ft.,  test  conditions,  lb 0.079886 

30  Heating  value  per  cu.  ft.  standard  conditions,  B.t.u 100.314 

31  Heating  value  per  cu.  ft.  test  conditions,  B.t.u 98.391 


10,900 
39.5 
149.7 

10,750 
39.5 
145.1 


12.6 

.2 

26.0 

1.0 

60.2 

0.0831388 

0. 
92.13 
91.7431 


Exhaust  Gas  Analysis  by  Volume 

Right  Side 

32  COi  percent 8.0 

33  O,  percent 12.5 

34  CO  percent 3.0 

35  N  (By  difference),  per  cent 76 . 5 

Left  Side 

36  CO2,  percent 8.0 

37  O,  percent 12.3 

38  CO,  percent 2.8 

39  N  (by  difference)  percent 76.9 


9.0 
11.0 

5.1 
74.9 


g.2 
11.2 

4.8 
74.8 
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Ctlinder  Pressures  and   Horsepowers 


Number  of  test 28 

Date  of  test,  1909 April  9 

Mean  Effective  Pressures 

Motor 

Right  head 31 .  62 

Crank 42.28 

Left  head 46 .  68 

Crank 44.50 

Air  pump 

Right  head 4.45 

Crank 4.51 

Left  head 5 .  46 

Crank 4 .  85 

Gas  pump 

Right  head    5.42 

Crank 5.47 

Left  head  6. 15 

Crank 5.92 

Air  tub 

Head 11.18 

Crank 11 .50 

Horsepowers 

Motor 

Right  head 301 .69 

Crank 403 .39 

Left  head : 445.37 

Crank 424 .57 

Air  pump 

Right  head 36.26 

Crank 36.62 

Left  head 44. 49 

Crank 39.38 

Gas  pump 

Right  head 62.24 

Crank 62 .  69 

Left  head 70.63 

Crank 67.85 

Air  tub 

Head 445.67 

Crank 453.36 

RESULTS   OF   TESTS 

1  Number  of  test 28 

2  Date  of  test,  1909 April  9 

3  Method  of  regulation Throttle 

4  Blast  pressure,  lb 14.8 

5  R.  p.  m.  of  engine 58 

6  Gas  per  hr.,  standard  conditions,  cu.  ft 193,760 

7  Gas  per  hr.,  test  conditions 197,546 

8  B.t.u.  per  cu.  ft.,  standard  conditions 100  314 

9  B.t.u.  per  cu.  ft.,  test  conditions 98.391 

10  Total  B.t.u.  in  gas  per  hr 19,436,800 

11  I.h.p.  of  motor  cylinders 1575.02 

12  I.h.p.  of  air  pumps 156.75 

13  I.h.p.  of  gas  pumps 263.41 


36 
April  15 


40  02 

37.99 

44.87 
33.69 

4.06 

3.86 

4.57 

4.20 

4.62 

4.60 

5.26 

4.72 

9.84 

10.22 

361.96 

427.51 

320.99 

33  04 

31.30 

37.19 

34.06 

52.98 

52.65 

60.32 

54.02 

391.71 

402.34 

36 

April  15 
Bypass 
12.5 
57.92 
234,581 
235,570 
92.13 
91  7431 
21,611,970 

1491,76 
135,59 
219.97 
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14  I.h.p.  of  blowing  cylinder 899.03  794.05 

15  I.h.p.  net 1154.86  1136.20 

16  I.h.p.  friction 255,83  342.15 

17  Gross  niechanl«\l  ethdency  of  engine,  per  cent S3 .  76  77 .07 

18  Not  mechanical  efficiency  of  engine,  per  cent 57.08  53.23 

19  Cu.  ft.  of  gas  per  I.h.p.  hr.,  standiird  conditions 123.02  157.25 

20  Cu.  ft.  gas  per  net  h.p.,  hr. ,  standard  conditions 167.78  206.46 

21  Cu.  ft.  gas  per  blsist  h.p.,  hr.,  standi\rd  conditions 215.52  295.42 

22  B.t.u.  per  l.h.p-hr 12,341  14,488 

23  B.t.u.  per  net  h.p-hr 16.830  19.021 

24  B.t.u.  per  blast  h.p-hr 21,620  27,217 

23  Efficiency  per  I.h.p.,  per  cent , 20.62  17.57 

26  Efficiency  per  net  h.p 15. 12  13.38 

27  Efficiency  per  bhist  h.p.,  per  cent 11.77  9.35 

25  Dilution  coefficient 3.45  4.081 

29  Potential  heat  In  exhaust  per  hr.,  B.t.u 6,313,100                     13,505,700 

30  Heat  absorbed  by  jacket  water  per  hr.  B.t.u 2,878,390                      2,342,880 

31  Sensible  heat  In  exhaust,  etc.  per  hr.  by  difference, 

B.t.u 6,236,880                        1,966,690 

Distribution  of  Tot.\l  His.\t 

32  Delivered  to  the  blast,  per  cent 11.77  9.35 

33  Pump  work,  per  cent 5.50  4.19 

31  FrlctUa,  parceat 3.35  4.03 

35  .\bsorbjd  by  jackets,  per  cent 14.81  10.84 

36  lucijinplete  coaibustioa,  per  cent 32.48  62.49 

37  Balance  by  difference,  percent 32.09  9.10 

TEST  OF  NO.  2  GAS  ENGINE  AT  17.1o-LB.  BLAST  PRESSURE 

1  Number  of  test : 29  30 

2  Date  of  test,  1909 April  10  April  10 

3  Duration  of  test,  mln tiO  60 

4  Method  of  regulation Throttle  Bypass 

5  Sets  of  Indicator  diagrams 9  9 

6  Venturl  meter 

Pipe  dlameter.ln 16,    Area  1.396  sq.  ft. 

Throat  dhuneter.  In 6\.  Area  0.213  sq.  ft. 

7  Number  of  venturl  observations 13  13 

8  R.p.m.  of  engine 61.35  59.75 

9  Gas  pressure.  In.  water 9.35  14.51 

10  Pi-Pj,  m.  water 27  33  21 .78 

11  Gtis  temperature,  deg.  fahr 39 . 6  38 

12  Barometer,  in.  mercury 29.53  29.58 

13  Absolute  pipe  pressure,  lb.  sq.  In 14.83071  15.04146 

14  Absolute  throat  pressure 13.84451  14.25553 

15  Ratio     ' 0.933503  0.94775 

Pi 

16  .V/  /  ?:  I  0.427  0.382 

Jacket  Water 

Right  Side 

17  Water  used  per  hr.,  lb S975  13,030 

18  Temperature  Inlet,  deg.  fahr 38  40 

19  Temperature  discharge,  deg.  fahr 133.4  173.7 

Left  Side 

20  Water  used  per  hr 14,800  11,950 

21  Temperature  Inlet,  deg.  fahr 38  40 

22  Temperature  discharge,  deg.  fahr 151  167.70 
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Fuel  Gas  Analysis  by  Volume 

23  CO2,  percent 10.4 

24  O,  percent 0  2 

15  CO,  percent 25.7 

26  H,  percent 1.3 

27  N  fby  difference),  percent 62.4 

28  Weight  per  cu.  ft.,  standard  conditions,  lb 0  0819455 

29  Weight  per  cu.  ft.,  test  condition.?,  lb 0,0778.34 

30  Heating  value  per  cu.  ft.,  standard  conditions,  B.t.u. .  92,149 

31  Heating  value  per  cu.  ft.,  test  conditions,  B.t.u 87,52.55 


10.7 

0.2 
2«.4 

0  5 
62.2 

0. 

0  08.36471 
91.7.59 
92.8562 


Exhaust  Gas  Axaltsis  bt  Volume 


32  COj  per  cent 

33  O,  percent 

34  CO,  percent 

35  N  (by  difference),  per  cent. 


Right  Side 


9.1 
11.4 
2.1 

77.4 


11.0 
10.5 
0.5 
78.0 


36  COj  per  cent 

37  0,  percent 

38  CO,  percent 

39  N  (by  difference) . 


9.1 
11.1 
2.0 

77.8 


9.5 
11.1 

1.1 
78.3 


Ctlixdeb  Pbessubes  and  Hobsepowees 


Number  of  test. . . 
Date  of  test,  1909. 


29 
April  10 


AprU  10 


Mean  Eftective  Pbessubes 


Motor 

Right  head. 

Crank 

Left  head... 

Crank 

Air  pump 

Right  head. 

Crank 

Left  head... 

Crank 

Gas  pump 

Right  head. 

Crank 

Left  head... 

Crank 

Air  tub 

Head 

Crank 


39.66 

44.06 

45,64 

44.84 

48.76 

41  95 

50.79 

41.49 

5.28 

4.41 

5.56 

4.25 

6.02 

4.73 

5.45 

4.42 

5,96 

4.57 

5  89 

4.82 

6. .31 

5.07 

6.20 

4.76 

12.73 

12.74 

12.76 

12.66 

HOBSEPOWEBS 


Motor 

Right  head. 

Crank 

Left  head... 

Crank 

Air  pump 

Right  head. 

Crank 

Left  head . . . 

Crank 


400,25 
460.60 
492.09 
.512.58 

45,51 
47.75 
51.89 
46.81 


433  06 
440  73 
412.32 
407.80 

37.02 
35.55 
39.71 
36.97 


1914 


FIRST  LARGE    GAS-ENGINE    INSTALLATION 


Gas  pump 

Right  head 72  40  54  07 

Crank 71 .  40  56 .  91 

Left  head 76  65  59.98 

Crank 75 .  16  56 .  20 

Air  tub 

Head 536 .  77  523 .  18 

Crank 532.09  514.15 

RESULTS   OF   TESTS 

1  Number  of  test 29  30 

2  Date  of  tost,  1909 April  10  April  10 

3  Method  of  regulation Throttle  Bypass 

4  Blast  pressure,  lb  17.2  17.1 

5  R. p.m.  of  engine 61.35  59.75 

6  Gas  per  hr.,  standard  conditions,  cu.  ft 241,853  223,940 

7  Gas  per  hr.,  test  conditions,  cu.  ft 254,630  221,293 

8  B.t.u.  percu.  ft.,  standard  conditions 92.149  91.759 

9  B.t.u.  percu.  ft.,  test  conditions 87.5255  92.8562 

10  Total  B.t.u.  in  gas  per  hr 22,286,500  20,548,400 

11  I.h.p.  of  motor  cylinders 1,865.52  1,693.91 

12  I.h.p.  of  air  pumps 191.96  149.25 

13  I.h.p  of  gas  pumps 295.61  227.16 

14  I.h.p.  of  blowing  cylinder 1068.86  1037.33 

15  I.h.p.  net 1377.95  1317.50 

16  I.h.p.  friction 309.09  280.17 

17  Gross  mechanical  efficiency  of  engine,  per  cent 83.43  84.43 

18  Net  mechanical  efficiency  of  engine,  per  cent 57.30  61.24 

19  Cu.  ft.  gas  per  h.p.  hr.,  standard  conditions 129.64  132.20 

20  Cu.  ft.  gas  per  net  h.p.  hr.,  standard  conditions 175.52  169.97 

21  Cu.  ft.  gas  per  blast  h.p.  hr.,  standard  conditions 226.27  215.88 

22  B.t.u.  per  l.h.p-hr 11,948  12,131 

23  B.t.u.  per  net  h.p-hr 16,174  15,597 

24  B.t.u.  per  blast  h.p-hr 20,850  19,809 

25  Efficiency  per  i.h.p.,  per  cent 21.30  20.98 

26  Efficiency  per  net  h.p.,  per  cent 15.74  16.32 

27  Efficiency  per  blast  h.p.,  percent 12.21  12.85 

28  Dilution  coefficients 3.1  3.149 

29  Potential  heat  in  exhaust  per  hr.,  B.t.u 6,243,500  3,048,400 

30  Heat  absorbed  by  jacket  water  per  hr 2,715,250  3,282,940 

31  Sensible  heat  in  exhaust,  etc.,  per  hr.  by  difference, 

B.t.u 8,582,500  9,904,330 

Distribution  of  Total  Heat 

32  Delivered  to  the  blast,  per  cent 12.21  12.85 

33  Pump  work,  per  cent 5.56  4.66 

34  Friction,  percent 3.53  3.47 

35  Absorbed  by  jacket,  per  cent 12.18  15.98 

36  Incomplete  combustion,  per  cent 28.01  14.84 

37  Balance  of  difference,  per  cent 38.51  48.20 

TEST  OF     NO.  2  GAS  ENGINE   AT  22.35-LB.   BLAST   PRESSURE 

1  Number  of  test 32  31 

2  Dateof  test,  1909... April  12  April  12 

3  Duration  of  test,  mln 60  60 

4  Method  of  regulation Throttle  Bypass 

5  Sets  of  indicator  diagrams 9  9 

6  Venturi  meter 

Pipe  diameter,  in 16,  Area,  1.396  sq.ft. 

Throat  diameter,  In 6i.  Area,  0.213  sq.ft. 
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1915 


7  Number  of  venturt  observations 13 

8  R. p.m.  of  engine 51.65 

9  Gas  pressure,  In  water 11.75 

10  P1-P2.  In.  water 38.33 

11  Gas  temperature,  deg.  fahr 60 

12  Barometer,  In  mercury 29.43 

13  Absolute  pipe  pressure,  lb.  sq.  In 14.86824 

14  Absolute  throat  pressure,  lb.  sq.  In 13.48510 

Pi 

15  Ratio        -   0.096973 

Pi 

16  Mf  (—\   0.4968 

Jacket  Water 

Right  side 

17  Water  used  per  hr.,  lb 12,600 

18  Temperature  Inlet,  deg.  fahr 40.5 

19  Temperature  discharge,  deg.  fahr 178.3 

Left  side 

20  Water  used  per  hr.,  lb 13,100 

21  Temperature  Inlet,  deg.  fahr 40.5 

22  Temperature  discharge,  deg.  fahr 172.7 

Fuel  Gas  Analysis  by  Volume 

23  CO2  per  cent 12.7 

24  O,  percent 0.2 

25  CO,  per  cent  26.5 

26  H, percent 0.7 

27  N  (by  difference),  percent 59.9 

28  Weight  per  cu.  ft.,  standard  conditions,  lb 0.0834002 

29  Weight  per  cu.  ft.  test  conditions,  lb 0 . 0799028 

30  Heating  value  per  cu.ft.  standard  conditions,  B.t.u 92.794 

31  Heating  value  per  cu.  ft.  test  conditions,  B.t.u 88.9072 

Exhaust  Gas  Analysis  by  Volume 

Right  Side 

32  CO2  per  cent 11.2 

33  O,  percent 9.8 

34  CO  percent 4.6 

35  N  (by  difference),  per  cent 74.4 

Left  Side 

36  COs  per  cent 11.6 

37  O,  per  cent 9.6 

38  CO,  percent 4.0 

39  N  (By  difference) 74.8 

Cylinder  Pressures  and  Horsepowers 

Number  of  test 32 

Date  of  test,  1909 April  12 

Mean  Effective  Pressures 
Motor 

Right  head 48.89 

Crank 52.16 

Left  head 52.70 

Crank 54.31 


13 

59.72 

12  75 

25.51 

61 

29.52 

14.9485 

14.02797 

12,200 
40.5 
154.3 

12,650 
40.5 
167 


11.3 

0.1 
24.1 

0.7 
63.8 

0.0827742 

0.0795783 
84.61 
81.3433 


11.7 
9.8 
2.4* 

76.1 


10.2 
10.1 
2.6 

77.1 


April  12 


45.51 
59.06 
50.06 
48.41 


"Assumed  value. 
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FIRST   LARGE    GAS-ENGINE   INSTALLATION 


Air  pump 

Right  head 5 .  68 

Crank 5.93 

Left  head 6.31 

Crank 5.78 

Gas  pump 

Right  head ., 5.82 

Crank 5.80 

Left  head 6.21 

Crank 5.99 

Air  tub 

Head 15.40 

Crank 16 .  23 

Horsepowers 

Motor 

Right  head 495.81 

Crank 528,98 

Left  head 534.45 

Crank 550 .  78 

Air  pump 

Right  head 49.20 

Crank 51.18 

Left  head 54.66 

Crank 49.89 

Gas  pump 

Right  head 71.04 

Crank 70 .  66 

Left  head 75.80 

Crank 72 .  97 

Air  tub 

Head 652.53 

Crank 680.09 

RESULTS  OF  TESTS 

1  Numberoftest 32 

2  Date  of  test,  1909 April  12 

3  Method  of  regulation Throttle 

4  Blast  pressure,  lb 23.0 

5  R.p.m.  of  engine ■ 61.65 

6  Gas  per  hr.,  standard  conditions,  cu.  ft 280,485 

7  Gas  per  hr.,  test  conditions,  cu.  ft 292,762 

8  B.t.u.  per  cu.  ft.,  standard  conditions  92.794 

9  B.t.u.  per  cu.  ft.,  test  conditions 88.9027 

10  Total  B.t.u.  in  gas  per  hr 26,027,300 

11  I. h. p.  of  motor  cylinders 2110.02 

12  I.h.p.  of  air  pumps 204.93 

13  I.h.p.  of  gas  pumps 290.47 

14  I.h.p.  of  blowing  cylinder 1332.62 

15  I. h. p.  net 1461 . 62 

16  I.h.p.  friction 282 . 00 

17  Gross  mechanical  efficiency  of  engine,  per  cent 86.64 

18  Net  mechanical  efficiency  of  engine,  per  cent 63.16 

19  Cu.  ft.  gas  per  i.h.p.  hr.,  standard  conditions 132.93 

20  Cu.  ft.  gas  per  net  h.p.  hr.,  standard  conditions 154.57 

21  Cu.  ft.  gas  per  h.p.  hr.,  standard  conditions 210.48 

22  B.t.u.  per  i.h.p-hr '. 12,335 

23  B.t.u.  per  net.  h.p-hr 14,343 

24  B.t.u.  per  blast  h.p-hr 19,531 


4.39 
4.20 
4.90 
4.52 

4.64 
4.85 
5.31 
4.96 

14.78 
15.47 


447.09 

481.96 

491.79 

475.58 

36.84 

35.12 

41.11 

37.79 

54.87 

57.23 

62.79 

58.53 

31 

April  12 
Bypass 
21.7 
59.72 
234,521 
243,937 
84.61 
81.3433 
19,842,850 
1896.42 
150.86 
233.42 
1234.60 
1512.14 
277.54 
85.37 
65.10 
123.67 
155.09 
189.96 
10,464 
13,122 
16,072 
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25  Efficiency  per  l.h.p.,  per  cent 20.63  24.32 

26  Efficiency  per  net  h.p.,  per  cent 15.79  19.39 

27  Efficiency  per  blast  h.p.,  percent 13.03  15.83 

28  Dilution  coefficient,  per  cent 2.267  2.686 

29  Potential  heat  in  exhaust  per  hr.,  B.t.u 11,159,000  .  6,178,480 

30  Heat  absorbed  by  jacket  water  per  hr.,  B.t.u 3,481,200  2,998,690 

31  Sensible  heat  in  exhaust.etc.per  hr.by  dlfference,B.t.u.6,017,500  5,839,760 

Distribution  of  Total  Heat 

32  Delivered  to  the  blast,  per  cent 13.03  15.83 

33  Pump  work,  per  cent 4.84  4.93 

34  Friction,  percent 2.76  3.56 

35  Absorbed  by  jackets,  percent 13.38  15.11 

36  Incomplete  combustion,  per  cent 42.87  31.14 

37  Balance  by  difference,  per  cent 23.12  29.43 

TEST  OF  NO.  2   GAS  ENGINE  AT  27.5-LB.  BLAST  PRESSURE 

1  Number  of  test 33  35 

2  Date  of  test,  1909 April  13  April  14 

3  Duration  of  test,  min 60  60 

4  Method  of  regulation Bypass  Bypass 

5  Sets  of  indicator  diagrams 9  9 

6  Venturi  meter 

Pipe  diameter,  in 16,   Area,  1.396  sq.  ft. 

Throat  diameter,  in 6i,  Area,  0.213  sq.  ft. 

7  Number  of  venturi  observations 13  13 

8  R.p.m.  of  engine 54.45  58.62 

9  Gas  pressure.  In.  water 11  01  10.94 

10  Pi-P2.  In.  water 38.88  51.65 

11  Gas  temperature,  deg.  fahr 62.6  42 

12  Barometer,  in.  mercury 29.08  29.53 

13  Absolute  pipe  pressure,  lb.  per  sq.  in 14.66976  14.88809 

14  Absolute  throat  pressure,  lb.  per  sq.  In 13.26678  13.0243 

15  Ratio     —         0.90436  0.8748 

Pi 

16  Mf     (  —  \    0.5025  0.5645 

Jacket  Water 

Right  Side 

17  Water  used  per  hr.,  lb 18,650  16,300 

18  Temperature  inlet,  deg.  fahr 42.3  40 

19  Temperature  discharge,  deg.  fahr 167. 1  147.4 

Left  Side 

20  Water  used  per  hr.,  lb 20,000  17,650 

21  Temperature  inlet,  deg.  fahr 42.3  40 

22  Temperature  discharge,  deg.  fahr 169  156.4 

Fuel  Gas  Analysis  By  Volume 

23  COapercent 12.0  13.1 

24  O,  per  cent 0.1  0.2 

25  CO.  percent 25.9  24.3 

26H, percent 0.5  14 

27  N  (by  difference),  per  cent 51.5  61.0 

28  Weight  per  cu.  ft.,  standard  conditions,  lb 0.0832257  0.083047 

29  Weight  per  cu.  ft.,  test  conditions,  lb 0.0782805  0.0825485 

30  Heating  value  per  cu.  ft.,  standard  conditions,  B.t.u. .  90.054  87.721 

31  Heating  value  per  cu.  ft.,  test  conditions,  B.t.u 84.7031  87.1661 


1918 


FIRST   LARGE    GAS-ENGINE    INSTALLATION 


Exhaust  Gas  Analysis  by  Volume 

Right  Side 

32  CO2  per  cent 12.1 

33  O,  percent •. 8.5 

34  CO,  percent 4.5 

35  N  (by  difference) ,  per  cent 74 . 8 

Left  Side 

36  CO2,  percent 12.4 

37  O,  per  cent 8.2 

38  CO,  per  cent 4.1 

39  N  (by  difference),  per  cent 75.3 

Cylinder  Pressures  and  Horsepowers 

Number  of  test 33 

Date  of  test,  1909 April  13 

Mean  Effective  Pressures 

Motor 

Right  head 51 .  74 

Crank 53 .  42 

Left  head 56 .  44 

Crank 55.59 

Air  pump 

Right  head 4.88 

Crank 4.92 

Left  head 5.61 

Crank 5 .  20 

Gas  Pump 

Right  head 4.64 

Crank 4.85 

Left  head 5.34 

Crank 6.12 

Air  tub 

Head 17.36 

Crank 18. 39 

Horsepowers 

Motor 

Right  head 463.44 

Crank 478.48 

Left  head 505.53 

Crank 497 .92 

Air  pump 

Right  head 37.33 

Crank 37.51 

Left  head 42.92 

Crank 39.64 

Gas  pump 

Right  head 50. 02 

Crank 52 .  18 

Left  head , 57.57 

Crank 55 .  09 

Air  tub 

Head 649.67 

Crank 680.61 


12.1 
8.7 
3.5 

75.7 


11.6 
9.0 
3.4 

76  0 


35 
April  14 


51.90 
55.37 
59.59 
59.01 

5.79 
5.79 
6.88 
6.34 

5.47 
5.46 
6.32 
6.00 

17.60 
18.53 


500.47 

533.93 

574.63 

569.03 

47.69 

47.52 

56.66 

52.03 

63.49 

63.24 

73.35 

70.19 

709.10 

738.31 
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RESULTS   OP   TESTS 

1  Number  of  test 33 

2  Date  of  test,  11109 April  13 

3  Method  of  regulation Bypass 

4  Blast  pressure,  lb- 27.3 

5  R. p.m.  of  engine 54.45 

6  Gas  per  hr.,  standard  conditions,  cu.  ft 279,512 

7  Gas  per  hr.,  test  conditions,  cu.  ft 297,170 

8  B.t.u.  per  cu.  ft.,  standard  conditions 90.054 

9  B.t.u.  per  cu.  ft.,  test  conditions 84.7031 

10  Total  B.t.u.  in  gas  per  hr 25,171,200 

11  I. h. p.  of  motor  cylinders  1945.37 

12  I. h. p.  of  air  pumps 157.40 

13  I.h.p.  of  gas  pumps 214.86 

14  I.h.p.  of  blowing  cylinder 1330.28 

15  I.h.p.  net 1573 .11 

16  I.h.p.  friction 242 .  83 

17  Gross  mechanical  efficiency  of  engine,  per  cent 87.52 

18  Net  mechanical  efficiency  of  engine,  per  cent 68.38 

19  Cu.  ft.  gas  per  i.h.p.  hr.,  standard  conditions 143.68 

20  Cu.  ft.  gas  per  net  h.p.  hr. ,  standard  conditions 177.68 

21  Cu.  ft.  gas  per  blast  h.p.hr.,  standard  conditions 210.12 

22  B.t.u.  per  l.h.p-hr 12,939 

23  B.t.u.  per  net  h.p-hr 16,001 

24  B.t.u.  per  blast  h.p-hr 18,922 

25  Efficiency  per  I.h.p.,  per  cent 19.67 

26  Efficiency  per  i.h.p.,  per  cent 15.91 

27  Efficiency  per  blast  h.p.,  per  cent 13.45 

28  Dilution  coefficient 1947 

29  Potential  heat  in  exhaust  per  hr.,  B.t.u 10,106,760 

30  Heat  absorbed  by  jacket  water  per  hr.,  B.t.u 4,880,850 

31  Sensible  heat  in  exhaust,  etc.,  per  hr.  by  difference, 

B.t.u 5,323,710 

Distribution  of  Tot.4.l  He.a.t 

32  Delivered  to  the  blast,  per  cent 13.45 

33  Puinp  work,  per  cent 3  76 

34  Friction,  percent 2.46 

35  Absorbed  by  jackets,  percent 19.39 

36  Incomplete  combustion,  per  cent 39.79 

37  Balance  by  difference,  per  cent 21 .  15 


35 

April    14 
Bypass 
27.7 
58.62 
325,429 
327,501 

87.721 
87.1661 
28,546,970 
2178,06 
203.90 
270.27 
1447.41 
1703.89 
256.48 
88.22 
66.45 
149.41 
191.00 
224.84 
13,107^ 
16,754 
19,723 
19.42 
15.29 
12.90 
2.1732 
9,909,840 
3,815,270 

9,277,765 


12.90 
4.13 
2.39 
13.37 
34.71 
32.60 
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Riglit  liead  -  Seale  149.7,  in.e.p.  37.03 


Left  head  -  Seale  155.3,  m.e.p. 
Fig.  63a    Average  Motok  Diagram — Test  37—5  Lb.  Blast 


Right  gas  -  Seale  10.35 


Right  air  -  Scale  10.3U 

Fig.  636    Average  Pump  Diagram — Test  37 — 5  Lb.  Blast 
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Right  head  -  Scale  149.7,  m.e.p.  31.45 


Left  head  -  Scale  155.3,  m.e.p.  40.21 

Fig.  64o    Average  Motor  Diagram — Test  28 — 10  Lb.  Blast 


Right  air  -  Scale  10.36 

Fig.  646    Average   Pump  Diagram— Test  28—10  Lb.  Blast. 
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FIRST    LARGE    GAS-ENGINE    INSTALLATION 


Eight  head  -  Scale  149.7,  m.e.p.  44.15 


Left  head  -  Scale  155.3,  m.e.p.  42.35 

Fig.  65a    Average  Motor  Diagram— Test  30—15  Lb.  Blast 


Crank  -  Scale  21.05,m.e.p.  12.60 

Fig.  65&    Average  Compressor  Diagram— Test  30—15  Lb.  Blast 


FIRST   LARGE    GAS-ENGINE   INSTALLATION  1923 


Head 
i.e.p.  4.3u 


Left  gas  -  Scale  10.35 


Left  gas  -  Scale  10.44 

Fig. -650    Average  Pump  Diagram— Test  30—15  Lb.  Blast 
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FIRST   LARGE    GAS-ENGINE    INSTALLATION 


Eight  head  -  Scale  149.7,  m.e.p.  48.92 


Left  head  -  Scale  155.3.  ui.e.p.  52.63 

Fig.  66a    Average  Motor  Diagram — Test  32 — 20  Lb.  Blast 


Head  -  Soale  20.4,  m.e.p.  15.44 

Fig.  666    Average  Compressor  Diagram — Test  32 — 20  Lb.  Blast 
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Right  gas  -  Scale  10.35 


Left  gas  -  Scale  10.44 

Fig.  66c    Average  Pump  Diagr.^m— Te.st  32—20  Lb.  Bla.st 


Crank  -  Scale  21.03,  m.e.p.  18.58 

Fig.  67o    Average  Co.mpressor  Diagram— Te.st  35—25  Lb.  Blast 


1926  FIRST   LARGE    GAS-ENGINE    INSTALLATION 


Right  head  -Scale  149.7,  m.e.p.  52.14 


Left  crank  -  Scale  161.9,  m.e.p.  58.90 

Fig.  676    Average  Motor  Diagram — Test  35 — 25  Lb.  Blast 


Head 
m.e.p.  5.76 


Right  air  -  Scale  10.30 


Right  gas  -  Scale  lO.'JS 

Fig.  67c        Average  Pump  Diagram— Test  35—25  Lb.  Blast 


GENERAL  NOTES 


AMERICAN    SOCIETY    OF    CIVIL    ENGINEERS 

The  American  Society  of  Civil  Engineers  has  commenced  its  regular  bi- 
monthly meetings  for  the  season  of  1910-1911.  At  the  gathering  of  October 
5,  E.  G.  Hopson,  member  of  the  society,  presented  a  paper  on  the  Tieton  Canal; 
and  on  October  19,  W.  F.  Strouse,  member  of  the  society,  presented  The  Re- 
construction of  the  Passenger  Terminals  at  Washington,  D.  C. 

In  November,  The  Arch  Principle  in  Engineering  and  Esthetic  Aspects, 
and  its  Application  to  Long  Spans,  by  C.  R.  Grimm,  member  of  the  society, 
will  be  discussed  at  the  meeting  on  the  first  Wednesday  evening  in  the  month; 
and  The  Failure  of  the  Yuba  River  Ddbris  Barrier  and  the  Efforts  made  for 
its  Maintenance,  by  H.  H.  Wadsworth,  member  of  the  society,  on  the  even- 
ing of  the  third  Wednesday. 

AMERICAN  INSTITUTE   OF  MINING  ENGINEERS 

Plans  for  the  Canal  Zone  meeting  of  the  American  Institute  of  Mining  En- 
gineers, to  be  held  October  21-November  15,  1910,  are  proceeding  satisfac- 
torily and  a  large  attendance  is  anticipated.  Among  the  papers  announced  for 
presentation  and  discussion,  probably  on  board  ship  en  route  to  Panama,  are 
Manganese  Ore  in  Unusual  Form,  by  William  P.  Blake;  Crushing  Machines  for 
Cyanide  Plants  by  Mark  R.  Lamb  of  Milwaukee;  Labor-Saving  Appliances 
in  the  Assay-Laboratory,  by  Edward  Keller  of  Perth  Amboy,  N.  J. ;  The  Limit 
of  Fuel  Economy  in  the  Blast-Furnace,  by  N.  M.  Langdon  of  Mancelona,  Mich. ; 
Dry  Washing  for  Placer  Gold  in  Sonora,  by  J.  W.  Richards,  of  Spokane,  Wash.; 
Recent  Developments  in  the  Undercutting  of  Coal  by  Machinery,  by  E.  W. 
Parker,  Washington,  D.  C;  The  Laws  of  Intrusion,  by  Blamey  Stevens,  Val- 
dez,  Alaska;  Tests  of  an  Ilgner  Electric  Hoist,  by  R.  R.  Seeber,  Winona,  Mich.; 
Bibliography  to  Accompany  Paper  on  Electric  Mine  Hoists,  by  D.  B.  Rush- 
more,  Mem.Am.Soc.M.E.,  and  K.  A.  Pauly,  Schenectady,  N.  Y.;  Notes  on 
Copper  Blast-Furnace  Tops,  by  N.  H.  Emmons,  Copperhill,  Tenn.;  Mining 
in  Nicaragua,  by  F.  Lane  Carter,  Chicago,  111. ;  Report  of  a  Committee  on  Uni- 
form Mining  Laws  for  Prevention  of  Mine  Accidents,  by  W.  R.  Ingalls, 
J.  Parke  Channing,  James  Douglas  and  John  Hays  Hammond,  Mem.Am.Soc. 
M.E.,  New  York,  and  James  R.  Finlay,  Goldfield,  Nev.;  The  Solid  Non-Me- 
tallic Impurities  in  Steel,  by  Henry  D.  Hibbard,  Mem.Am.Soc.M.E.,  Plain- 
field,  N.  J.;  Theory  of  Dust  Explosions,  by  Audley  H.  Stow,  Maybeury,  W. 
Va.;  The  Gold  Fields  of  French  Guiana  and  the  New  Method  of  Dredging,  by 
A.  F.  J.  Bordeaux,  Thonon-Les-Bains,  Savoie,  France;  The  Agency  of  Man- 
ganese in  the  Superficial  Alteration  and  Secondary  Enrichment  of  Gold  De- 
posits in  the  United  States,  by  William  H.  Emmons  of  Chicago. 


1928  GENERAL    NOTES 

AMERICAN    INSTITUTE    OF    ELECTRICAL    ENGINEERS 

The  American  Institute  of  Electrical  Engineers  held  their  first  meeting  of 
the  year  on  Friday  evening,  October  14,  at  8  p.m.  in  the  Engineering  Societies 
Building,  New  York.  A  paper  was  presented  on  Potential  Strength  in  Dielect- 
rics, by  H.  S.  Osborne,  of  the  American  Telephone  and  Telegraph  Company, 
and  Prof.  Harold  Pender,  of  Massachusetts  Institute  of  Technology. 

On  the  invitation  of  the  institute  a  public  meeting  at  which  all  members 
of  the  engineering  profession  were  welcomed  was  held  on  Monday  evening, 
October  17,  in  the  Engineering  Societies  Building.  Rapid  Transit  Require- 
ments of  Greater  New  York,  the  subject  for  discussion,  was  informally  pre- 
sented by  F.  J.  Sprague,  Past-President  A.I.E.E.,  and  Chairman  of  the  Rail- 
way Committee  of  the  institute,  in  a  paper  covering  the  general  facts  pertain- 
ing to  routes,  construction  and  equipment  of  existing  and  proposed  lines. 

COURSES  IN  ARCHITECTURE   IN  ENGINEERING  SOCIETIES  BUILDING 

Columbia  University  extension  courses  in  Architecture  are  being  given 
this  year  in  the  Engineering  Societies  Building,  29  West  39th  Street,  each  week- 
day evening  except  Saturday.  Three  of  the  courses,  mathematics,  the  history 
of  architecture,  and  construction;  are  designed  for  students  who  have  not  had 
training,  while  the  remainder  are  those  of  the  first  year  of  the  School  of  Archi- 
tecture and  will  count  toward  the  diploma  and  degree  in  architecture  for 
those  who  haive  passed  the  entrance  examinations. 

NATIONAL    IRRIGATION     CONGRESS 

The  18th  National  Irrigation  Congress,  held  in  Pueblo,  Colorado,  in  the 
Mineral  Palace,  opened  on  September  26  with  an  industrial  parade.  At  the 
first  session,  called  to  order  at  2.30  p.m.,  welcome  was  extended  to  the  dele 
gates  by  the  Governor  Shafroth  of  Colorado,  and  the  Mayor  of  Pueblo,  Hon. 
A.  L.  Fugard.  Hon.  B.  A.  Fowler,  President  of  the  Congress,  responded,  and 
Hon.  Alva  Adams,  Former  Governor  of  Colorado,  gave  an  address  on  Colo- 
rado, Conquest  and  Conservation.  Following  an  informal  reception  in  the 
evening,  Hon.  William  J.  Bryan  of  Nebraska  spoke  on  Irrigation  and  National 
Development.  Tuesday  morning  was  devoted  to  the  consideration  of  Irriga- 
tion by  Private  Enterprise,  with  addresses  by  Hon.  Frank  C.  Goudy,  former 
president  of  the  Congress,  by  Hon.  John  M.  Wilson,  Norman  E.  Webster,  Jr., 
W.  G.  DeCelle,  Dr.  B.  L.  Jefferson,  H.  L.  Moody,  and  Hon.  George  E.  Bar- 
stow;  and  in  the  afternoon  Hon.  F.  H.  Newell,  R.  P.  Teele,  Gen.  B.  J.  Viljoen, 
S.  H.  Lea,  Hon.  John  A.  Martin  and  Hon.  John  Fairweather  spoke  upon  Pub- 
lic Irrigation.  William  E.  Smythe  addressed  the  evening  meeting  on  The 
New  Gospel :  A  Little  Land  and  a  Living.  On  Wednesday,  W.  K.  Kavanaugh, 
Hon.  Frank  H.  Short,  Judge  Joseph  H.  Kibbey,  Judge  George  H.  Hutton, 
Prof.  E.  B.  House  and  James  Cosgrove,  spoke  upon  Water  Equities;  while  in 
the  afternoon.  Irrigation  Agriculture  was  discussed,  with  addresses  by  Albert 
F.  Potter,  Ernest  Knabel,  Dr.  W.  J.  McGee,  Col.  E.  J.  Watson,  Aaron  Gove 
and  Hon.  Horace  T.  DeLong.    An  illuminated  parade  took  place  in  the  even- 
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ing.  The  session  of  Thursday  morning  was  given  up  to  foreign  representa- 
tives who  brought  messages  from  Austria-Hungary,  Australia,  Germany, 
Russia,  Canada,  British  India,  and  Chili.  General  Policies  were  considered  in 
the  afternoon,  on  which  occasion  Mrs.  H.  L.  Hollister,  Hon.  Gifford  Pinchot, 
Hon.  H.  H.  Eddy,  and  Hon.  Francis  J.  Heney  addressed  the  meeting.  Prob- 
lems of  Irrigation  Practice  were  discussed  on  Thursday  evening  by  Prof. 
Samuel  Fortier,  Prof.  W.  B.  Gregory,  Mem.Am.Soc.M.E.,  and  F.  M.  Web- 
ster. The  concluding  day  of  the  Congress,  Friday,  Sept.  30,  was  devoted  to 
the  Governors'  Session  and  to  a  business  meeting  at  which  Hon.  B.  A.  Fowler 
was  re-elected  president  for  the  ensuing  year,  and  Arthur  Hooker  of  Spokane 
chosen  secretary. 

The  Society  was  represented  at  these  meetings  by  C.  H.  Williams  of  Den- 
ver, Colo. 


ENGINEERS    CLUB    OF   ST.    LOUIS 

At  the  regular  meeting  of  the  Engineers  Club  of  St.  Louis  held  on  October 
5  in  the  club  rooms,  J.  W.  Woermann,  Assistant  Engineer,  Western  Division, 
U.  S.  A.,  presented  a  paper  entitled  The  Deep  Waterway — St.  Louis  to  Cairo, 
giving  a  review  of  seven  plans  suggested  for  securing  a  14-foot  depth  of  chan- 
nel in  the  Mississippi  River. 


AMERICAN    SOCIETY   OF    MUNICIPAL    IMPROVEMENrS 

The  17th  annual  convention  of  the  American  Society  of  Municipal  Improve- 
ments was  held  in  the  Chamber  of  Commerce  rooms,  Erie,  Pa.,  October  11-14. 
Among  the  papers  presented  were  European  Sewage  Disposal,  Dr.  Rudolph 
Hering,  Mem.Am.Soc.  M.E.;  Laying  Asphalt  with  a  Surface  Heated,  by  B. 
B.  Colburn;  Modern  Stone  Block  Pavements,  by  Wm.  A.  Howell;  The  Eco- 
nomics of  Modern  Highway  Engineering,  by  Prof.  A.  H.  Blanchard;  and  Tax- 
ation, by  A.  W.  Heston.  Trips  of  inspection  were  made  to  various  points  of 
engineering  interest  in  and  about  Erie,  and  an  excursion  by  boat  taken  through 
Presque  Isle  Bay.  One  of  the  features  of  the  convention  was  an  exhibit 
arranged  by  dealers  and  manufacturers  of  municipal  appliances. 


BROOKLYN   ENGINEERS    CLUB 

William  T.  Donnelly,  Mem.  Am.  Soc.M.E.,  presented  a  paper,  illustrated  by 
lantern  slides,  upon  Electrification  of  the  John  N.  Robins  Company,  Erie 
Basin,  Brooklyn,  N.  Y.,  at  the  regular  meeting  of  the  Brooklyn  Engineers 
Club,  on  Thursday  evening,  October  13,  1910,  at  the  Club  House  in  Remsen 
Street.  The  paper  dealt  principally  with  floating  and  basin  dry  dock  equip- 
ment, compressed  air,  shop  motors  and  high  tension  distribution  system.  On 
October  20,  an  informal  library  talk  was  given  on  the  Air  Compressor  by  Snow- 
den  Redfield,  Associate  Editor  of  the  American  Machinist,  which  was  illus- 
trated with  stereoptican  views. 
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AMERICAN    GAS    INSTITUTE 

The  5th  annual  meeting  of  the  American  Gas  Institute  was  held  in  the  audi- 
torium of  the  Engineering  Societies  Building,  29  West  39th  Street,  New  York, 
October  19-21,  1910.  Professional  sessions  occupied  both  the  opening  days, 
while  the  last  day  was  devoted  to  a  steamboat  excursion.  On  Wednesday 
evening  the  members  were  the  guests  of  the  New  York  Edison  Company  at 
the  Electrical  Show  in  progress  at  Madison  Square  Garden,  where  the  special 
exhibit  of  the  company  was  reserved  for  the  exclusive  use  of  the  party  until 
10  p.m.  John  W.  Lieb,  Jr.,  Mem.  Am.  Soc.  M.E.,  delivered  an  address.  On 
Thursday  evening  a  banquet  was  given  at  the  Hotel  Astor  for  the  members 
of  the  institute  and  the  visiting  ladies  were  entertained  at  a  theatre  party. 

Among  the  papers  presented  at  the  business  sessions  were  Manufacture  of 
Balloon  Gas  in  Water  Gas  Apparatus,  by  George  H.  Waring;  Construction  of 
a  Reinforced  Concrete  Tank  for  a  Gas  Holder,  by  V.  L.  Elbert;  Apparatus 
Designed  for  Remote  Control  of  District  Pressure,  J.  S.  Kennedy;  A  Review 
of  Recent  Decisions  of  the  Public  Service  Commissions  which  affect  Gas  Com- 
panies, by  A.  E.  Forstall,  Mem.Am.Soc.M.E.;  and  The  Public  Deceived  by 
Faulty  Data  and  Misleading  Analysis  of  Data,  by  Dr.  A.  C.  Humphreys,  Mem. 
Am.  Soc.  M.E. 


AMERICAN     IRON     AND     STEEL     INSTITUTE 

The  first  formal  meeting  of  the  American  Iron  and  Steel  Institute  Conven- 
tion was  held  in  the  Waldorf-Astoria  Hotel,  New  York  City,  on  October  14. 
Elbert  H.  Gary,  President  of  the  institute,  and  Chairman  of  the  United  States 
Steel  Corporation,  presided  at  the  professional  sessions  and  at  the  banquet 
on  Friday  evening,  the  principal  feature  of  which  was  a  lecture  on  the  Gary  plant 
of  the  United  States  Steel  Corporation,  given  by  G.  G.  Thorp,  Mem. Am. Soc. 
M.E.,  Vice-President  of  the  Indiana  Steel  Company.  On  Saturday,  October 
15,  a  tour  was  made  of  New  York  harbor,  starting  from  the  New  York  Central 
and  Hudson  River  Railroad's  pier  in  the  Hudson  River,  proceeding  through 
New  York  bay  to  Staten  Island  and  into  Kill  von  KuU,  and  returning  by  the 
Narrows  through  the  East  and  Harlem  Rivers  into  the  Hudson.  Landings  were 
made  en  route  at  Ellis  Island,  the  Bush  Terminal  in  South  Brooklyn,  and  the 
Navy  Yard. 

On  Sunday  the  members  and  guests  left  New  York  by  special  train  for  Buf- 
falo where  they  visited  the  plant  of  the  Lackawanna  Steel  Company;  Black 
Rock,  where  the  mammoth  lock  is  being  built  for  the  new  ship  canal ;  the  power 
plants  at  Niagara  Falls;  and  Niagara  Gorge.  Proceeding  to  Chicago,  the 
party  spent  several  days  there,  inspecting  the  plants  of  the  Indiana  Steel  Com- 
pany, the  Illinois  Steel  Company,  the  McCormick  Works  of  the  International 
Harvester  Company,  the  Pullman  Company,  the  Union  Stock  Yards,  and  other 
places  of  interest.  On  October  18  a  dinner  was  given  at  the  Blackstone  Hotel 
at  which  Judge  Gary  presided.  At  Pittsburg,  where  the  party  arrived  on  Oc- 
tober 20,  trips  were  made  to  the  Jones  and  Laughlin  Steel  Company,  the  Car- 
negie Steel  Company,  the  Carnegie  Institute  and  Technical  Schools,  and  the 
Westinghouse  plants;  and  informal  dinners  were  served  on  Thursday  and  Fri- 
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day  evenings  at  the  Hotel  Schenley.  The  final  stop  of  the  tour  was  in  Wash- 
ington, D.  C,  where  the  leading  event  was  a  reception  tendered  by  President 
Taft  at  the  White  House  on  October  22.  The  special  train  conveyed  the  party 
to  New  York  on  October  23. 

In  addition  to  the  members  present  at  the  meetings  and  on  the  tour,  about 
thirty  leading  iron  and  steel  masters  of  Great  Britain  and  Europe  were  in 
attendance  as  guests  of  honor.  The  committee  in  charge  of  the  arrangements 
for  the  entire  period  consisted  of  E.  A.  S.  Clarke,  President  of  the  Lackawanna 
Steel  Company,  Chairman;  James  Parrel,  President  of  the  United  States 
Steel  Products  Company;  and  John  A.  Topping,  President  of  the  Republic 
Iron  and  Steel  Company. 

AMERICAN    BOILER    MANUFACTURERS    ASSOCIATION 

The  American  Boiler  Manufacturers  Association  held  its  22d  annual  meet- 
ing at  the  Auditorium  Hotel,  Chicago,  on  October  10-13,  1910,  electing  the  fol- 
lowing officers:  President,  Col.  E.  D.  Meier,  Vice-President  Am.Soc.  M.E.,' 
of  New  York;  Secretary,  J.  D.  Tarasey  of  Cleveland;  Treasurer,  Jos.  F. 
Wangler  of  St.  Louis.  Colonel  Meier  presided  at  the  professional  sessions  and 
at  the  banquet  on  Thursday  evening.  The  association  appointed  a  committee 
to  investigate  and  report  at  its  next  meeting  on  the  standardization  of  boilers, 
as  a  result  of  discussion  brought  up  on  this  subject.  During  the  meeting  a 
trip  was  made  to  the  Illinois  Steel  Company  plant  at  Gary,  Indiana. 

THE     AMERICAN     STREET     AND     INTERURBAN     RAILWAY     ASSOCIATION 

The  annual  convention  of  the  American  Street  and  Interurban  Railway 
Association  was  held  at  Atlantic  City,  N.  J.,  October  10-14,  with  headquarters 
at  the  Greek  Temple,  Convention  Pier.  There  were  papers  read  on  the  fol- 
lowing subjects:  Creation  of  Passenger  Traffic,  J.  F.  Keys;  The  Use  of  Metal 
Tickets,  G.  L.  Radcliffe;  Transfer  Laws  and  Suggested  Changes,  L.  S.  Hoff- 
man. Various  committees  also  reported  on  Passenger  Traffic,  Interurban 
Rules,  Express  and  Freight  Traffic,  City  Rules,  Transfer  and  Transfer  Infor- 
mation, Training  of  Transportation  Employees,  Construction  of  Schedules 
and  Time  Tables,  Heavy  Electric  Traffic  and  Detail  Records:  Their  Use  and 
Value. 


PERSONALS 

L.  B.  Alexander  has  entered  the  employ  of  the  Bosch  Magneto  Co.,  New 
York,  as  assistant  chief  of  department.  Until  recently,  Mr.  Alexander  was 
vice-president  of  the  Haggerty  Contracting  Co.,  New  York. 

J.  F.  Beecher,  formerly  associated  with  the  Pennsylvania  Steel  Co.,  Harris- 
burg,  Pa.,  as  checker  of  the  mechanical  department,  has  accepted  a  similar 
position  with  the  Indiana  Steel  Co.,  Gary,  Ind. 

George  Berna,  formerly  president  of  the  Hygeia  Ice  Co.,  Ithaca,  N.  Y.,  has 
become  identified  with  the  Modern  Ice  Machinery  Co.,  San  Antonio,  Tex. 

Geo.  A.  Buvinger  has  accepted  a  position  with  the  Allis-Chalmers  Co.,  West 
AUis,  Wis.,  in  the  capacity  of  designing  engineer  for  centrifugal  pumps.  Mr. 
Buvinger  was  recently  associated  with  the  D'Olier  Engineering  Co.,  Philadel- 
phia, Pa.,  as  hydraulic  engineer. 

V.  Z.  Caracristi,  formerly  general  maintenance  supervisor  in  charge  of  the 
upkeep  on  tools,  buildings  and  equipment  of  the  plants  of  the  American  Loco- 
motive Co.,  and  assistant  machinery  supervisor  on  purchase  of  new  tools  and 
equipment  and  general  betterment  and  improvement  work,  has  become  con- 
sulting engineer  of  the  Wheeling  and  Lake  Erie  R.  R.  Co.,  Massillon,  O. 

W.  Van  Alan  Clark  has  accepted  a  position  with  the  Astoria  Light,  Heat  and 
Power  Co.,  Astoria,  L.  I.,  N.  Y.,  as  engineer's  assistant.  Until  recently  he  was 
draftsman  and  inspector  of  construction  work,  Matawan,  N.  J. 

Geo.  E.  Crofoot  has  become  associated  with  the  Browning  Engineering  Co., 
Cleveland,  O.  He  was  formerly  instructor  in  mechanical  engineering  at  the 
University  of  Pennsylvania,  Philadelphia,  Pa. 

Henry  D.  Fisher,  recently  associated  with  the  U.  S.  Glass  Co.,  Pittsburg, 
Pa.,  in  the  capacity  of  supervising  engineer,  has  become  connected  with  the 
Fuel  Testing  Co.,  Boston,  Mass. 

Perry  J.  Freeman,  formerly  instructor  in  mechanical  engineering  at  the  Uni- 
versity of  Pennsylvania,  Philadelphia,  Pa.,  is  now  in  charge  of  all  the  shops  of 
the  department  of  mechanical  engineering  of  the  University  of  Illinois,  Urbana, 
111. 

Albert  W.  Jacobi  has  opened  an  engineering  office  in  Newark,  N.  J.  He  was 
formerly  connected  with  the  Tide  Water  Oil  Co.,  Bayonne,  N.  J. 

Edward  K.  Junghans  has  severed  his  connection  with  the  Porvenir  Sugar 
Co.,  San  Pedro,  S.  D.,  and  has  accepted  the  position  of  chief  engineer  of  the 
Central  Mercedita,  Ponce,  P.  R. 
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A.  G.  Kessler,  formerly  instructor  in  the  department  of  power  engineering, 
Sibley  College,  Cornell  University,  Ithaca,  N.  Y..  has  become  associated 
with  the  engineering  department  of  R.  G.  Peter's  Manufacturing  Co.,  Grand 
Rapids,  Mich. 

Morris  Knowles,  recently  chief  engineer  of  the  Bureau  of  Filtration,  City 
of  Pittsburg,  Pa.,  has  opened  offices  in  the  Oliver  Building,  Pittsburg,  Pa., 
for  the  practice  of  general  and  consulting  civil  engineering,  particularly  in 
the  important  branches  relating  to  municipal,  sanitary  and  hydraulic  work. 

L.  R.  Lemoine,  formerly  general  manager  of  the  N.  J.  Zinc  Co.,  New  York, 
has  been  appointed  2nd  vice-president  of  the  U.  S.  Cast  Iron  Pipe  and  Foundry 
Co.,  with  headquarters  at  Philadelphia,  Pa. 

Samuel  T.  Mudge  has  entered  the  employ  of  the  Rogers  Paper  Manufactur- 
ing Co.,  South  Manchester,  Conn.,  as  superintendent.  He  was  recently  in- 
structor in  mechanical  engineering  at  the  University  of  Michigan,  Ann  Arbor, 
Mich. 

Henry  S.  Otto  has  become  superintendent  of  the  Saurer  Motor  Trucks,  Chi- 
cago, 111.    He  was  formerly  identified  with  Munroe  &  Co.,  Paris,  France. 

Harold  L.  Pope  has  accepted  a  position  with  the  Pope  Manufacturing  Co., 
West  Works,  Hartford,  Conn.,  in  the  capacity  of  manager.  He  was  recently 
identified  with  the  Matheson  Motor  Car  Co.,  Wilkes-Barre,  Pa. 

E.  Posselt,  formerly  connected  with  the  St.  Louis  Portland  Cement  Works, 
St.  Louis,  Mo.,  as  assistant  manager,  has  accepted  the  position  of  chief  engineer 
of  the  Cement  Securities  Co.  of  Denver,  Colo. 

Walter  I.  Slichter  has  been  appointed  professor  of  electrical  engineering  at 
Columbia  University,  New  York.  He  was  until  recently  associated  with  the 
General  Electric  Co.,  Schenectady,  N.  Y.,  as  technical  assistant  to  the  vice- 
president  and  chief  engineer  of  the  company,  and  also  a  member  of  the  staff 
of  consulting  engineers  of  the  company. 

T.  Carlile  Ulbricht  has  been  appointed  instructor  in  the  department  of  power 
engineering,  Sibley  College,  Cornell  University,  Ithaca,  N.  Y.  He  was  for- 
merly assistant  instructor  in  applied  mechanics  at  Pratt  Institute,  Brooklyn, 

N.  Y. 

Louis  R.  Valentine,  formerly  associated  with  the  Charles  Warner  Co.,  Phoe- 
nixville.  Pa.,  has  become  identified  with  the  Security  Cement  and  Lime  Co., 
Security,  Md. 

C.  C.  Wilcox  has  accepted  a  position  as  assistant  to  the  consulting  electrical 
engineer  for  Hodenpyl,  Walbridge  &  Co.  of  New  York,  with  office  in  Detroit, 
Mich.  Mr.  Wilcox  was  formerly  connected  with  the  Michigan  Agricultural 
College,  East  Lansing,  Mich.,  as  foreman  of  machine  shop  and  instructor  in 
thermodynamics. 

William  F.  Zimmermann,  recently  located  in  Spokane,  Wash.,  has  become 
identified  with  the  Pittsburg  Testing  Laboratory  as  2nd  vice-president,  with 
headquarters  in  New  York. 
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Library.  Lists  of  accessions  to  the  libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  E.  can  be  secured  on 
request  from  Calvin  W.  Rice,  Secretary,  Am.  Soc.  M.  E. 

Annales  des  Fonts  et  Chauss^jes.     Ser.  8.     Vol.  8.     2  pts.     Paris,  1908. 

American  Railway  Master  Mechanics'  Association.     Report  of  the  Pro- 

.  ceedings  of  the  42d  Annual  Convention,  1909.     Chicago,  1909.      Gift  of 

the  association. 
Civil  Engineers  Society  of  St.  Paul,  Minn.     List    of   Members,    1910. 

St.  Paul,  1910.     Gift  of  the  society. 
Colorado  Electric  Light,   Power    and  Railway  Association.     Report 

of  Committee  on  Grounding  Secondaries.     By  J.  A.  Clay  and  others. 

Gift  of  the  association. 
Compressed  Air,  Theory  and  Computations.     By  E.  G.  Harris.     New  York, 

McGraw-Hill  Book   Co.,   1910. 
Construction  of  Graphical  Charts.     By  J.  B.  Peddle.  New  York,  McGrair- 

Hill  Book  Co.,  1910. 
Creosote  Treatment  of  our  Native  Lodgepole  Pine  Poles.     By  G.  R. 

Ogier.      Read  before  the  Colorado  Electric  Light,  Power  and  Railway 

Association,  September  21-23,  1910,  and  presented  by  the  assoiation. 
Economic  Necessity  for  the  Pennsylvania  Railroad  Tunnel  Extension 

INTO  New  York  City.     By  A.  J.  County.     (Reprinted  from  the  Annals 

of  the  American  Academy  of  Political  and  Social  Science,  March  1907.) 

Philadelphia.     Gift  of  the  company. 
Edinburgh   University.     Calendar,    1910-1911.     Edinbiirgh,    1910.     Gift   of 

the  university. 
Electric  Motors,  Continuous,  Polyphase,  and  Single-Phase  Motors, 

Their  Theory  and  Construction.     By  H.  M.  Hobart.     Ed.  2.     New 

York,  Macmillan  Co.,  1910. 
Factory   Organization     and    Administration.     By    Hugo    Diemer.    New 

York,  McGraw-Hill  Book  Co.,  1910. 
Great  Britain  Patent  Office.    Catalogue  of  the  Library — Authors.   London 

1910.     Gift  of  Great  Britain  Patent  Office. 
High-Speed  Steel.     By  O.  M.  Becker.     New  York,  McGraw-Hill  Book  Co., 

1910. 
International  Electrotechnical  Commission.     First  Annual  Report,  to 

December  31,  1909.     London,  1910.     Gift  of  the  commission. 
Resum6of  Unofficial  Conference  held  at  Brussels,  August,  1910.     London, 

1910.      Gift  of  the  commission. 
Transactions  of  the  Council  held  in   October  1908.     London,  1909. 

Gift  of  the  commission. 


ACCESSIONS   TO    LIBRARY  1935 

Lighting  Engineers'  Hand-Book.  Compiled  by  L.  R.  Pomeroy.  New 
York,  Safety  Car  Heating  &  Lighting  Co.,  1909. 

Mazda  Series  Street  Lighting.  By  H.  L.  Aller.  Bead  before  the  Col- 
orado Electric  Light,  Power  and  Railway  Association,  September  21-23, 
1910,  and  presented  by  the  association. 

Mechanical  Engineers'  Pocket  Book.  By  M.  Kent.  Ed.  8.  New  York, 
J.  Wiley  &  Sons,  1910. 

New  York  City  Board  of  Water  Supply.  Construction  of  Seven  Steel- 
Pipe  Siphons  and  Adjacent  Portions  of  the  Catskill  Aqueduct  in  the 
Towns  of  Yorktown,  Mt.  Pleasant  and  Greenburg,  and  in  the  City  of 
Yonkers,  Westchester  Co.,  New  York.  Gift  of  New  York  City  Board  of 
Water  Supply. 

— — Contract  Drawings.  1909.  Gift  of  New  York  City  Board  of  Water 
Supply. 

New  York  Improvement  and  Tunnel  Extension  of  the  Pennsylvania 
Railroad.     August,    1910.     Philadelphia,    1910.     Gift   of   the   company. 

New  York  Tunnel  Extension  of  the  Pennsylvania  Railroad.  Intro- 
ductory Paper  by  C.  W.  Raymond  and  the  East  River  Division  by  A. 
Noble.  (Reprint  from  Trans.  Am.  Soc.  C.  E.,  Vol.  35,  1909.)  Gift  of 
the  company. 

New  York  (State)  Engineer  and  Surveyor.  Annual  Report.  1905  and 
Supplement.  Vol.  1-2.  1906  and  Supplement.  1907-1909.  Albany, 
1906,  1910.     Gift  of  New  York  State  Engineer  and  Surveyor. 

Pennsylvania  Railroad  New  York  Tunnel  Extension,  Historical  Out- 
line.    December  1909.     Gift  of  the  company. 

Railway  Library,  1909.  Compiled  and  Edited  by  Slason  Thompson. 
Chicago,  1910.     Gift  of  the  author. 

Railway  Storekeepers  Association.  Seventh  Annual  Meeting,  1910. 
St.  Louis,  1910.     Gift  of  the  association. 

Rossiter  Worthington  Raymond,  1840-1910.  Dinner  given  by  his  friends 
in  commemoration  of  his  70th  birthday.  New  York,  1901.  Gift  of  C.  W. 
Rice. 

Report  on  Natural  Gas  Service  Rendered  the  City  of  Columbus,  Ohio, 
by  the  Columbus  Gas  and  Fuel  Company.  By  E.  A.  Hitchcock  and  S. 
S.  Wyer.     Gift  of  the  authors. 

Rotary  Condensers  and  Induction  Generators  on  Transmission  Sys- 
tems. By  A.  L.  Jones.  (Read  before  the  Colorado  Electric  Light,  Power 
and  Railway  Association,  September  21-23,  1910.)    Gift  of  the  association. 

Royal  Automobile  Club.  Year  Book,  1909.  London,  1909.  Gift  of 
C.  W.  Rice. 

Russian  Turkestan  and  Its  Products.  ByN.  J.  Malahowski.  St.  Petersburg, 
1910.     Gift  of  the  author. 

Some  Observations  on  Cultivating  Friendly  Relations  with  the 
Public.  By  J.  M.  Connelly.  Read  before  the  Colorado  Electric  Light, 
Power  and  Railway  Association,  September  21-23,  1910,  and  presented 
by  the  association. 

Standard  Handbook  for  Electrical  Engineers.  Ed.  3.  New  York, 
McGraw-Hill  Book  Co.,   1910. 
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Steam  Turbines.      By  E.  W.   Gilbert.      Read  before  the  Colorado  Light, 

Power  and  Railway  Association,   September  21-23,   1910,  and   presented 

by  the  association. 
James  Watt  of  Soho  and  Heathfield.    Annals  of  Industry   and   Genius. 

By  T.  E.  Pemberton.     Birmingham  1905.     Gift  of  Geo.  Tangye. 
Weitere  Versuche  zur  Ermittlung  des  Kraftbedarfs  an  Walzwerken. 

By  J.  Puppe.     Diisseldorf,  1910.     Gift  of  Verein  deutscher  Eisenhiitten- 

leute. 
Western  Railway  Club.     Official  Proceedings.    Vol.  22.     Chicago,    1910. 

Gift  of  the  club. 
Yale  University.    Report  of  the  Treasurer,   1909-10.    New  Haven,   1910. 

Gift  of  the  university. 

EXCHANGES 

Beton  UNO  Eisen.    Year  6-8,  9.     Nos.  1-11.     Berlin,  1907-1910. 

Institution  of  Civil  Engineers  of  Ireland.  Transactions.  Vol.  34. 
Dublin,  1908. 

Institution  of  Naval  Architects.  Transactions.  Vol.  52,  1910.  London, 
1910. 

International  Association  for  Testing  Materials,  Brussels  Congress, 
1906. 

^ — On  Accelerated  Tests  of  the  Constancy  of  Volume  of  Ceme-'ts.  By 
B.  Blount. 

AUotropic  Transformations  of  Nickel  Steels.     By  M.  C  .  Boudouard. 

Alloys  of  Iron  and  Nickel.     By  Dr.  H.  Wedding. 

— -Apparation  of  the  Neutral  Fibre  in  Transparent  Bodies  by  Means  of 

Circularly  Polarized  Light.     By  O.  Honigsberg. 

- — ■ — -On  the  Basis  of  Existing  Specifications  to  Seek  Methods  and  Means 
for  the  Introduction  of  International  Specifications  for  Testing  and  In- 
specting Iron  and  Steel  of  all  kinds.  (Proposed  at  the  Ztirick  Congress 
1895.    Enlarged  at  the  Budapest  Congress  1901.     By  A.  Rieppel. 

—On  the  Behavior  of  Cements  in  Sea  Water.     By  H.  Lc  Chatelier. 

— -Bending-tests  with  Notched  Specimens  of  Metals.     By  G.  Charpy. 

— -Brinell  Hardness-test  and  its  Practical  Application.     By  J.  A.  Brinell 

and  G.  Dillner. 

^From  Communication  8  of  the  Danisk  State  Testing  institute  on  Tests 

with  Steam,  Gas  and  Water-tubes.     By  H.  J.   Hannover. 

Communication  on  Methods  for  the  Rapid  Testing  of  Metals.     By 

M.  R.  Guillery. 

Contribution  to  the  Discussion  of  Special  Steels.     By  M.  Leon  Guillet. 

Contribution  to  the  Discussion  on  the  Testing  of  Lubricating  Oils. 

By  M.  P.  Breuil. 

Contribution  to  the  Discussion  on  the  Testing  of  Wood.     By  M.  P. 


Breuil. 
- — -Contribution  to  the  Discussion  on  Welding  and  Soldering.     By  M.  P. 

Breuil. 
— Determination  of  a  Uniform  Method  for  the  Separation  of  the  Finest 

Particles  in  Portland  Cement  by  Liquid  and  Air  Processes.     By  M.  Gary. 
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— Determination  of  the  Degree  of  Fragility  and  of  Homogeneity  of  Rail- 
Steel  by  Impact-test  with  Notched  Bars  (Ast-Barba).  Summary. 
By  S.  Drouginine. 

—Determination  of  the  Liter  Weight  of  Cement.  The  Strength  of  Real 
Hydraulic  Cements.  Determination  of  a  Standard  Sand.  By  F. 
Schule. 

— Determination  of  the  Points  of  Allotropic  Transformation  in  Iron  and 
its  Alloys  by  Measurement  of  the  Variations  in  their  Electrical  Resistance 
at  Different  Temperatures.     By  M.  O.  Boudouard. 

— On  the  Determination  of  the  Specific  Gravity  of  Cements.  By  G. 
Baire. 

— Discussion  on  Special  Steel.     By  L.  Dumas. 

— Examination  and  Evaluation  of  the  Resolutions  of  the  Conferences  of 
1884-1S93  concerning  the  Adhesive  Strength  of  Hydraulic  Cements.  By 
R.  Feret. 

—Examination  of  Various  Metals  by  Brinell's  Method.     By  M.  P.  Breuil. 

- — ^Experiment  on  Lead  and  Copper  Subjected  to  Compression  in  Three 
Impact  Machines.    By  W.  K.  Hatt. 

— Experiments  on  the  Elasticity  of  Some  Sicilian  Limestones.  By  M. 
Greco. 

— Experiments  on  the  Resistance  to  Shearing  of  Cement  Mortars.  By 
M.  Greco. 

— Financial  Returns  for  the  years  1901-1905,  Supplement  to  the  Chair- 
man's Report.     By  F.   Berger. 

— Fixing       Uniform  Definition  and  Nomenclature  of  Bitumen.     By  G. 


Lunge. 

— Frictional  Resistance  on  Lubricated  Surfaces.     By  F.  Kick. 
— Graphic  Representation  of  the  Process  of  Setting  in  the  Case  of  Cements. 
— Influence  of  Temperature  on  the  Fragility  of  Metals.     By  M.  G.  Charpy. 
— On  the  International  Researches  in  Microscopic  Examination  (etching 

tests)  of  Iron.     By  W.  Ast. 
— On  the  Measurement  of  the  Stresses  Set  up  in  Rails  During  the  Passage 

of  a  Train.     By  J.  Schroeder  v.d.  Kolk. 
— -Mechanical    Examination    of    Manufactured    India-Rubber.     By    P. 

Breuil. 
— Mechanism  of  the  Deterioration  of  Cement  Mortars,  and  the  Rapid 

Determination  of  their  Behaviour  in  the  Sea  by  the  Manner  in  which  they 

Decompose.     By  M.  Maynard. 
— Methods  for  the  Examination  of  Welding  and  Weldability.     By  R. 

Krohn. 

— Methods  for  Testing  Pipes.     By  M.  Gary. 
— Methods  of  Testing  Metals  and  Alloys,  Hydraulic  Cements  and  Woods, 

Clay,  Stoneware,  and  Cement  Pipes. 
— Methods  of  Testing  the  Protective  Power  of  Paints  Used  on  Metallic 


Structures.  By  E.  Ebert.  Annex.  Raw  and  Boiled  Linseed  Oil.  By 
A.  Grittner. 

— Model  Testing  Laboratory  Installed  and  Exhibited  During  the  Fourth 
Congress  of  the  International  Association  for  Testing  Materials,  Brus- 
sels, 1906. 
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Necessity  of  Modifying  the  Process  Actually  Followed  in  Analysing 

Cement  Mortars  and  in  Sampling  them.     By  M.  Maynard. 

— — —New  Apparatus  for  Automatically  drawing  the  Load-Strain  Diagram 
due  to  Impact.     By  A.  Gagarine. 

— ■ — ■ — -New  Dynamometer  Determination  of  the  Yield-Point  as  a  Test-Method. 
Description  of  a  Machine  for  Compression,  Tension,  and  Bending  Tests. 
By  A.  Gagarine. 

New  Method  of  Testing  Magnetic  Metals.     By  L.  Fraichet. 

New  Weathering  Tests  with  Natural  Stones.    By  M.  Gary. 

Normal  Consistency  of  Cement  Mortars.    By  J.  Maliiga. 

Notes  on  the  Examination  of  Powdered  Asphalt.     By  Dr.  Holde. 

— ■ — ■ — Observations  Regarding  the  Mechanical  Examination  of  Iron  by  Means 
of  Drop-tests  with  Notched  Bars.     By  C.  J.  Snyders. 

; Official  Report  of  the  Proceedings  of  the  Fourth  Congress  of  the  Inter- 
national Association  for  Testing  Materials,  1906. 

■ — Phenomena  of  Deformation  and  Rupture  in  Iron  and  Mild  Steel.     By 

F.  Osmond. 

^ — ^Principles  of  a  Standard  Method  of  Testing  Wood.     By  M.  Rudeloff. 

Punching  as  a  Testing  Method.     By  M.  L.  Bacl4. 

Relation   of   Chemical   Composition  to   the   Weathering   Qualities   of 


Building  Stones;  the  Influence  of  Smoke  Especially  Sulphurous  Acid  on 
Building  Stones;  the  Weathering  Qualitites  of  Roofing  Slates. 

Relation  of  Timber-tests  to  Forest  Products.     By  W.  K.  Hatt. 

— — ^Remarks  on  the  Influence  of  the  Shape  of  the  Saw-Notch  in  the  Present 
Method  of  Testing  for  Fragility.     By  F.  Barbier. 

Report  on  Impact-tests  on  Notched  Bars.     By  E.  Sauvage. 

-Report  on  Methods  of  Etching  Malleable  Iron  for  the  Visual  Investiga- 
tion of  Structure;  and  on  the  Lessons  to  be  learnt  therefrom.  By  E. 
Heyn. 

Report  on  the  Progress  of  Metallography  since  the  Congress  at  Buda- 
pest, 1901.     By  F.  Osmond  and  G.  Cartaud.     Supplement.     By  F.  Osmond. 

Report  on  the  Work  of  Committee  22,  Appointed  for  the  Solution  of 

the  Unification  of  Testing  Methods.     By  N.  Belelubsky. 

— — ■ — Report  on  the  Work  of  the  Council  From  the  Budapest  to  the  Brussels 
Congress,  1901-1906.     By  F.  Berger. 

Report  on  Trials  made  at  La  Rochelle  on  the  Action  of  Sea-Waters  on 

Mortars.     By  E.  Mayer. 

Resistance  of  Stone  to  Compression,  with  Elastic  Substances  Inter- 
posed Between  the  Surfaces  in  Compression.     By  G.  S.  Pace. 

Results  of  Trials  with  Timber  Carried  out  at  the  Austrian  Forestry 

Testing-Station  at  Mariabrunn.     By  G.  Janka. 

Significance  and  Importance  of  Contraction  as  a  Test  for  Quality  Es- 


pecially in  Estimating  the  Malleability  of  Metals.     By  St.  Gallik. 
— Simple  Method  of  Adapting  the  Principle  of  Automatic  Registration 
to  Lever-Testing  Machines.     By  A.  Mesnager. 

— Study  of  the  Methods  of  Testing  Caoutchouc.     By  E.  Camerman. 
— Tests  of  the  Decomposition  of  Cement  Mortars  by  Sea-Water  and 
Waters  Containing  Sulphates.     By  A.   Bauch^re. 
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— Tests  upon  Notched  Bars  Carried  out  in  the  Laboratory  de  I'Ecole  des 
Fonts  et  Chaussdes,  Paris.        By  M.  Mesanger. 

— To  Establish  Methods  for  Testing  Puzzolanas  with  the  object  of  Deter- 
mining their  Value  for  Mortars.  By  G.  Herfeldt.  Annex.  Experiments 
made  in  the  Laboratoire  des  Fonts  et  Chaussees  de  Boulogne  sur  Mer 
with  the  View  of  Determining  the  Methods  for  Testing  Fuzzuolanas. 
By  R.  Feret. 

— To  Establish  Methods  of  Inspection  and  Testing  for  Determining  the 
Uniformity  of  Individual  Shipments  of  Iron  and  Steel.     By  W.  Ast. 
— To  Establish  Uniform  Methods  of  Testing  Cast  Iron  and  Finished  Cast- 


ings.    By  R.  Moldenke. 

- — ■ — -Transmission  of  Forces  to  the  Interior  of  Elastic  Solids.  By  M.  Mesnager. 

On  the  Uniform  Nomenclature  of  Iron  and  Steel.     By  H.  M.  Howe  and 

A.  Sauveur. 

Unmittelbare  Abbildung  der  Neutralen  Schichte  bei  BiegungDurch- 

sichtiger  Korper  in  Zirkularpolarisiertem  Licht.     By  O.  Honigsberg. 

North-East  Coast  Institution  of  Engineers  and  Shipbuilders.  Trans- 
actions.   Vol.    26.    Newcastle-upon-Tyne,  1910. 

Record  of  the  Special  Commission  formed  by  the  British  Fire  Preven- 
tion Committee  to  visit  Berlin,  Hamburg  and  Hanover  on  the 
Occasion  of  A  Meeting  of  the  German  Professional  Fire  Service 
Association  (Hamburg,  1909).  Being  a  Diary  and  Notes.  Compiled 
by  E.  0.  Sachs  and  E.  Marsland.  (British  Fire  Prevention  Committee.) 
London.     Journal  No.  5,  1910. 

TRADE   CATALOGUES 

Broderick  &  Bascom  Rope  Co.,  New  York,  N.  Y.     Automatic  loader  system 

of  aerial  wire  rope  tramways,  15  pp. 
Thos.  Carlin's  Sons  Co.,  Pitlsburg,  Pa.     Shears  for  rolling  mills,  forges, 

scrap  yards,  etc.,  22  pp.;  Hoisting  engines  and  derricks,  70  pp.;  Grinding 

machinery,  15  pp. 
F.  H.  Evans,  Brooklyn,  N.  Y.     "Crescent"  Expansion  bolts,  12  pp. 
H.  W.  Johns-Manville  Co.,  Cleveland,  0.    J.-M.  Roofing  Salesman,  Septem- 
ber 1910,  8  pp.;  J.-M.  Packing  Expert,  September  1910,  4  pp. 
Link-Belt   Co.,    Philadelphia,    Pa.     Silent   chain   for   power  transmission, 

40  pp. 
Massachusetts  State  Boiler  Board,  Boston,  Mass.     Boiler  manufacturers 

authorized  to  construct  Massachusetts  standard  boiler,  14  pp. 
North  Western  Expanded  Metal  Co.,  Chicago,  III.     Designing  data  for 

reinforced  concrete,   48  pp. 
Joseph  T.  Ryerson  &  Co.,  New  York,  N.  Y.    Monthly  Journal  and  Stock 

List,  October,  1910,  144  pp. 
Sims  Co.,  Erie,  Pa.    By-Pass  open  feed  water  heater,  filter,  oil  separator  and 

receiver.     12  pp. 
Underfeed   Stoker  Co.    of   America,    Chicago,   III.     Publicity  Magazine, 

September  1910,  15  pp.;  October  1910,  16  pp. 
Union  Fibre  Co.,  Winona,  Minn.     Linofelt,  64  pp.;  Cold  storage  insulation, 

32  pp. 
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American  Trade  Index.     (Domestic  Edition.)    1908-1910.    New  York,  1910. 

Gift  of  National  Association  of  Manufacturers. 
Breakdown  Connections  to  Isolated  Plants.     By  M.  F.  McAlpin.     New 

York,  1910.     Gift  of  the  author. 
Deutscher    Verein     von     Gas     tjnd     Wasserfachmannern.     Verhand- 

lungen.     1891-1901.     Munchen,  1892-1902. 
Poor's  Manual  of  Railroads,  1910.    New  York,  1910. 


EMPLOYMENT  BULLETIN 

The  Society  has  always  conaldered  It  a  special  obligation  and  pleasant  duty  to  be  the  medluu. 
of  securing  better  positions  for  Its  members.  The  Secretary  gives  this  his  personal  attention 
and  Is  most  anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are 
not  repeated  except  upon  special  request.  Copy  for  notices  In  this  Bulletin  should  be  received 
before  the  12th  of  the  month.  The  Hat  of  men  available  Is  made  up  of  members  of  the  Society 
and  these  are  on  file,  with  the  names  of  other  good  men  not  members  of  the  Society,  who  are 
capable  of  filling  responsible  positions.      Information  will  be  sent  upon  application. 


POSITIONS   AVAILABLE 

051  Urgent  need  of  man  thoroughly  competent  on  all  questions  of  gear  cut- 
ting. Must  know  thoroughly  the  bevel,  spur  and  worm  gear  theory  and  prac- 
tice and  be  able  to  handle  men. 

052  Experienced  general  foreman  to  manage  about  one  hundred  men  in  the 
manufacture  of  single,  duplex  and  power  pumps.    Location  Ohio. 

053  Engineer  to  take  charge  of  construction.  Must  have  some  knowledge 
of  gas  engine  and  electrical  practice,  able  to  design  and  superintend  new  build- 
ings of  simple  character;  growing  plant  consisting  of  foundries  and  machine 
shops  employing  SOO  hands  in  town  of  18,000  inhabitants  in  Schuylkill  valley, 
40  miles  from  Philadelphia. 

054  Wanted,  by  a  New  York  company,  up-to-date,  energetic  salesman  for 
combustion  work.    New  York  territory. 

055  Old  established  manufacturing  business  needs  a  business  manager, 
able  to  take  an  interest  of  ten  to  twenty  thousand  dollars.  Engineering  fea- 
tures can  be  eliminated  or  separated.  Attractive  profits  have  been  made  for 
thirty  years.  Present  manager  would  give  part  time  for  one  or  two  years  when 
needed. 

056  Exceptional  opportunity  is  offered  to  a  mechanical  engineer  of  execu- 
tive ability  who  will  invest  a  few  thousand  dollars  and  have  the  management 
of  a  company  manufacturing  a  perforated  steel  band  drive  (Patented),  capa- 
ble of  limitless  use  in  the  textile  and  many  other  trades.  This  company  will 
also  manufacture  and  market  machinery  improved  and  simplified  by  use  of 
such  band  device  for  the  textile  trades. 
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MEN    AVAILABLE 

127  Sales  engineer,  seven  years  varied  engineering  experience  and  six  years 
in  selling  end.  Would  consider  position  where  knowledge  of  machinery  and 
mill  supply  trade  of  the  United  States  and  Canada  is  essential.  Experience  in 
correspondence  and  proper  design  of  selling  contracts. 

128  Young  engineer,  married,  Junior  member,  graduate  Stevens,  with  val- 
uable experience  in  operation  end  of  manufacturing  concerns,  erection,  main- 
tenance and  repair  of  steel  mills,  decorticating,  saw  mill,  textile,  coal-  hand- 
ling, and  power  plant  machinery,  desires  position  in  executive  capacity  with 
first-class  concern  manufacturing  machinery  in  these  or  associated  lines. 
Location  East  or  Middle  West. 

129  Junior  member,  college  graduate,  at  present  holding  high  executive 
position  would  like  to  affiliate  with  some  large  engineering  concern.  Wide 
experience  in  steam,  electric  and  hydraulic  work.  Particularly  familiar  with 
textile  machinery.     Would  consider  superintendency  of  large  bleachery. 

130  Mechanical  engineer  and  designer.  Ten  years  broad  practical  expe- 
rience. Design  and  construction  of  hydro-electric  power  plants,  electric  rail- 
roads, industrial  and  power  plant  mechanical  equipment,  foundations,  special 
mechanical  devices  and  machine  design,  gas  engines  and  aeronautical  work. 
Technical  education;  executive  ability.  Desires  position  as  mechanical  engi- 
neer or  superintendent  with  gas  engines  builders.     At  present  employed. 

131  Graduate  mechanical  and  electrical  engineer,  practical  mechanic,  sev- 
eral years  of  broad  industrial  experience,  wishes  to  secure  position  where 
energy,  ability  and  "push"  are  the  qualities  most  desired  and  recognized. 
Thoroughly  experienced  in  ice-making  and  refrigeration.  At  present  located 
in  Southern  city.  Salary  commensurate  with  importance  of  position.  Per- 
manency preferred  and  sought. 

132  Member,  technical  education  and  training,  twelve  years  experience 
machine,  mill  and  power  house  design,  inspecting  and  estimating,  correspond- 
ing, office  work,  etc.  Desires  change  of  position,  southern  California  preferred, 
but  not  essential. 

133  New  York  member,  age  37,  technica*l  graduate,  broad  experience  cover- 
ing shop-costs,  catalog  writing,  advertising,  business  corresponding  and  engi- 
neer-salesman. For  several  years  in  general  charge  of  sales  department  of 
large  concern.  Now  engaged  in  special  line;  desires  executive  position  with 
progressive  company,  preferably  with  chance  of  acquiring  an  interest. 

134  Technical  graduate  in  electrical  engineering  and  manual  training 
school,  with  additional  shop,  drafting  room  and  office  practice;  desires  posi- 
tion in  office  where  such  experience  will  be  of  advantage. 

135  Associate,  age  32,  at  present  engaged  as  engineer  with  large  manufac- 
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turing  concern,  desires  to  change.  Construction,  operation,  general  engi- 
neering and  executive  experience. 

136  Junior,  experienced  on  boiler  design,  construction  and  estimating. 
Technical  graduate,  familiar  with  modern  boiler  shop  and  foundry  methods, 
good  organizer.  At  present  chief  draftsman  and  engineer.  Desires  similar 
position  or  assistant  superintendent. 

137  Member  desires  position  as  superintendent  or  manager.  Technical 
graduate  with  wide  practical  experience  in  the  machine  shop,  foundry  and  busi- 
ness. Now  employed  on  staff  of  a  production  engineer,  but  prefers  position 
with  fixed  residence. 

138  Member,  technical  graduate,  charge  of  large  shops  as  superintendent 
and  manager,  also  estimating  cost  systems,  correspondence  etc.,  thorough 
experience  in  design,  construction  and  economical  operation  of  power  and  man- 
ufacturing plants.  Several  years  experience  as  sales  manager  Corliss  engines; 
also  as  general  sales  manager  water  tube  boilers.  Desires  position  with  chance 
to  secure  an  interest.  Engaged  in  special  work  at  present  but  desires  perma- 
nency. 

139  Member,  technical  graduate,  practical  mechanic,  with  wide  experience 
in  the  design,  manufacture  and  sales  of  boilers,  both  water  tube  and  return 
tubular,  self  supporting  stacks,  breechings,  tanks,  etc.,  and  also  design  and  in- 
stallation of  complete  power  plants,  desires  position  where  above  knowledge 
can  be  put  to  best  use.  Can  handle  shop,  office  or  sales  and  desires  a  per- 
manent position.  If  connection  is  mutually  satisfactory  could  invest  some 
money  in  the  company. 

^  140  Junior  member,  graduate  of  Massachusetts  Institute  of  Technology, 
M.E. ;  four  years  in  practical  shop  work,  general  drafting  and  minor  execu- 
tive; desires  position  as  draftsman  with  consulting  engineers  or  as  assistant 
to  superintendent  of  industrial  plant. 

141  Internal  combustion  engine  salesman  and  manager,  34  years  of  age. 
Eight  years  experience,  particularly  in  the  oil  engine  branch  of  business; 
desires  position  with  aggressive,  growing  concern,  on  developing  or  building 
oil  engines  preferred.    Suitable  references  furnished. 

142  M.E.  Virginia  Polytechnic  Institute  and  Cornell,  at  present  with 
structural  steel  concern  as  draftsman,  desires  position  with  consulting  and  con- 
tracting engineers;  experience  in  machine  tool  design,  steel  mill  and  blast 
furnace  construction. 
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CHANGES  OF  ADDRESS 

ADAMS,  Thomas  D.  (Junior,  1906),   Werner  &  Pfleiderer,   Saginaw,   Mich., 

and  for  mail,  Southport,  Conn. 
ALEXANDER,  Ludwell  Brooke  (Junior,   1905),   Asst.  Ch.   of  Dept.,   Bosch 
Magneto  Co.,  223  W.  46th  St.,  and /or  mail,  Cliff  wood  Court,  179th  St.  and 
Ft.  Washington  Ave.,  New  York,  N.  Y. 
APPLETON,  Henry  W.  (Junior,  1906),  Mech.  Supt.,  Passaic  Print  Wks.,  and 

for  mail,  243  Van  Houten  Ave.,  Passaic,  N.  J. 
ARMSTEAD,  Frank  C.  (1906),  10S5  E.  17th  St.,  Brooklyn,  N.  Y. 
BARNES,  Arthur  F.   (Junior,  1910),  Instr.  in  Mech.  Engrg.,  Univ.  of  Pa.,  and 

for  mail,  5229  Greenway  Ave.,  Philadelphia,  Pa. 
BEECHER,  J.  F.  (Associate,  1908),  Checker,  Indiana  Steel  Co.,  and /or  OTaz7, 

535  Jefferson  St.,  Gary,  Ind. 
BERN  A,  George  (1906),  Modern  Ice  Machine  Co.,  San  Antonio,  Tex. 
BEVIN,  Sydney  (Junior,  1910),  Asst.  Fdy.  Foreman,  Mfr.  Rider  &  Ericsson 

Hot-Air  Pumps,  Walden,  Orange  Co.,  N.  Y. 
BIXLER,  Harry  Z.  (1907),  Ch.  Engr.,  Youngstown  Steel  Co.,  and  for  mail, 

213  Arlington  St.,  Youngstown,  O. 
BLUMGARDT,   Isaac  E.  (Associate,    1908),    Maxwell-Briscoe    Motor    Co., 

North  Tarrytown,  N.  Y. 
BRESLOVE,  Joseph  (Junior,  1906),  Mech.  Engr.,  Nivison-Weiskopf  Co.,  and 

for  mail,  2  Lee  Court,  Avondale,  Cincinnati,  O. 
BUVINGER,  George  A.  (1901;  1904),  Designing  Engr.,   Centrifugal  Pumps, 
AUis-Chalmers  Co.,  West  AUis,  and /or  viail,  University  Club,  Milwaukee, 
Wis. 
CARACRISTI,  Virginius  Z.  (1904;  1907),  Cons.  Engr.,  Wheeling  &  Lake  Erie 

R.  R.  Co.,  Massillon,  O. 
CARPENTER,   Charles  U.  (1907),    Pres.,    Herring-Hall-Marvin    Safe    Co., 

Hamilton,  O. 
CLANCY,  Geo.  W.  (Associate,  1909),  Pres.,  Globe  Chem.  Co.,  68  Devonshire 

St.,  Boston,  Mass.,  and /or  mail,  20  Manning  Blvd.,  Albany,  N.  Y. 
CLARK,  W.  Van  Alan  (Junior,  1910),  Engrs'.  Asst.,  Astoria  Light,  Heat  & 

Power  Co.,  Astoria,  L.  I.,  N.  Y. 
COLLINS,  B.  R.  T.  (1891;  1901),  Engr.,  Stone  &  Webster  Engrg.  Corp.,  147 

Milk  St.,  Boston,  and /or  mail,  29  Oxford  Rd.,  Newton  Centre,  Mass. 
COLWELL,  James  V.  V.    (1903),  Life  Member;  Mgr.,  N.  E.  Dept.,  Heine  Safety 

Boiler  Co.,  176  Federal  St.,  and  201  Devonshire  St.,  Boston,  Mass. 
CORP,  Charles  1.   (Junior,  1904),  504  W.  Johnson  St.,  Madison,  Wis. 
CORREA,  William  Howard  (Junior,  1910),  Asst.  M.  M.,   Standard  Oil  Co., 
Pratt  Wks.,  Brooklyn,  and /or  mail,  640  W.  139th  St.,  New  York,  N.  Y. 
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CROFOOT,  George  Emerson  (Junior,  1907),  Browning  Engrg.  Co.,  Cleveland, 

and /or  mail,  914  Mars  Ave.,  Collinwood,  O. 
DAVIS,  Thomas  B.  (1907;  1909),  Forrest  City,  Ark. 
DELANY,  Chas  H.  (1907),  2946  Pierce  St.,  San  Francisco,  Cal. 
DODDS,  William  B.  (Junior,  1907),  31  Everett  St.,  Cambridge,  Mass. 
DOUGLASS,  Wm.  M.  (1884),  Treas.,  Globe  Real  Estate  Co.,   18  S.  6th  St., 

Allentown,  Pa. 
EMSWILER,  John  Edward   (Junior,   1908),  Instr.,  Mech.  Engrg.,  Univ.  of 

Mich.,  New  Engrg.  BIdg.,  Ann  Arbor,  Mich. 
FISHER,  Henry  Donald  (Junior,  1907),  Fuel  Testing  Co.,  220  Devonshire  St., 

Boston,  Mass. 
FRANKENBERG,  George  T.    (Associate,  1907),  Mech.  Engr.,  Ralston  Steel 

Car  Co.,  and /or  mail,  1191  Oak  St.,  Columbus,  O. 
FREEMAN,  Perry  John  (Junior,  1908),  Mech.  Engrg.  Dept.,  Univ.  of  Illinois, 

Urbana,  111. 
GARDNER,  Henry  (Junior,  1904),  Asst.  Supt.  of  Apprentices.  N.  Y.  Central 

Lines,  1526  Grand  Central  Terminal,  New  York,  N.  Y. 
HARDING,  Adalbert  (Junior,  1898),  24  Langdon  St.,  Cambridge,  Mass. 
HART,  Rogers  Bonnell  (Associate,  1907),  Y.  M.  C.  A.,  East  Liberty,  Pittsburg, 

Pa. 
HOLBROOK,  Percy  (1900),  V.  P.,  Rail  Joint  Co.,  185  Madison  Ave.,    New 

York,  N.  Y. 
HOLMES,  Arthur  (Junior,  1904),  Asst.  Engr.,  H.  H.  Franklin  Mfg.  Co.,  and 

for  mail,  219  Lancaster  Ave.,  Syracuse,  N.  Y. 
JACOBI,  Albert  W.   (1885),  Life  Member;  Cons.  Engr.,  192  Market   St.,  New- 
ark, N.  J. 
JOHNSON,  Louis  L.  (1908),  420  Law  Bldg.,  Indianapolis,  Ind. 
JONES,  John  T.  (1890),  Iron  Mountain,  Mich. 

JUNGHANS,  Edward  K.   (1908),  Ch.  Engr.,  Central  Mercedita,  Ponce,   P.  R. 
KATZENSTEIN,  Martin  L.  (Junior,  1903),  Mgr.,   Marine  Dept.,   Internatl. 

Steam  Pump  Co.,  115  Broadway,  and /or  mail,  52  E.  81st  St.,  New  York, 

N.  Y. 
KENYON,  Alfred  Lewis  (1904),  144  Edgewood  Ave.,  Atlanta,  Ga. 
KESSLER,  Armin  Geo.  (Junior,  1909),  Engr.  Dept.,  R.  G.  Peter's  Mfg.  Co.,  and 

for  mail  159  Ransom  St.,  Grand  Rapids,  Mich. 
KIRCHHOFF,  Charles  (1882),  Rhineland  Court,  244  Riverside  Drive,  New 

York,  N.  Y. 
KIRKUP,  Joseph  P.  (Junior,  1908),  Engrg.  Dept.,  L.  J.  Wing  Mfg.   Co.,  90 

West  St.,  New  York,  N.  Y. 
KNOWLES,  Morris  (1907),  2548  Oliver  Bldg.,  Pittsburg,  Pa. 
KNOX,  S.  L.  Griswold  (1892;  1901),  M.  Burr,  Jr.  &  Co.,  20  Broad  St.,  New  York, 

N.Y. 
LAFORE,  John  Armand  (1904),  Sales  Mgr.,  D'Olier  Engrg.  Co.,  Philadelphia, 

and  for  mail,  Cynwyd,  Pa. 
LAND,  Frank  (1900),  Secy,  and  Treas.,  Land-Wharton  Co.,  912  Pa.  Bldg., 

Philadelphia,  and  for  mail,  Montgomery  Inn,  Bryn  Mawr,  Pa. 
LANE,  J.  S.   (1882),  M.  E.,  Engineer  Co.,  Cons,  and  Contr.  Engrs.,  50  Church 

St.,  New  York,  and  283  Highland  Blvd.,  Brooklyn,  N.  Y. 
LANGE.  Heinrich  Bartels  (Junior,  1910),  Hillcrest,  Summit,  N.  J. 
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LEE,  Robert  E.  (Junior  1907),  Mech.  Engr.,  804  Monroe  St.,   Ann  Arbor, 

Mich. 
LEMOINE,  L.  R.  (Associate,  1887),  2nd  V.  P.,  U.  S.  Cast  Iron  Pipe  &  Fdy. 

Co.,  1421  Chestnut  St.,  Philadelphia,  Pa. 
LEMON,  John  C.   (1902),  Mech.  Engr.,'Grand  Opera  House  Bldg.,  and  for  mail 

2844  Linwood  Ave.,  Cincinnati,  O. 
LOCKWOOD,  James  Fred  (1889;  1907),  Mgr.,  Security  Elev.  Safety  Co.,  126 

W.  18th  St.,  New  York,  and /or  mail,  678  McDonough  St.,  Brooklyn,  N.  Y. 
McDEVITT,  Frank  J.   (Junior,  1906),  Elliott  Co.,  and   Liberty   Mfg.    Co., 

Pittsburg,  Pa.,  and /or  ynail,  1201  Manhattan  Bldg.,  Chicago,  111. 
MAGIN,  Frank  W.  (Junior,  1907),  AUis-Chalmers  Co.,  Milwaukee,  Wis. 
MALLORY,  Charles  K.    (1907),  Engr.,    Constr.    and  Maintenance,   Solvay 

Process  Co.,  and /or  mail,  1027  James  St.,  Syracuse,  N.  Y. 
MARSHALL,  Wm.  Crosby  (1901;  1909),  Asst.  Prof.   Descriptive  Geom.  and 

Drawing,  114  Winchester  Hall,  S.  S.  S.,  Yale  Univ.,  and /or  mail,  137  Wall 

St.,  New  Haven,  Conn. 
MERRILL,  Albert  S.  (Junior,  1903),  509  High  St.,  Easton,  Pa. 
MORGAN,  John  R.  (1901),  Mech.  Engr.,  Box  268,  Gary,  Ind. 
MOXHAM,  Egbert  (Junior,  1906),  Mgr.,  Pulp  Key  Dept.,  E.  I.  du  Pont  de 

Nemours  Co.,  and /or  mail,  1500  Pa.  Ave.,  Wilmington,  Del. 
MUDGE,  Samuel  Tenney  (Junior,  1910),  Supt.,  Rogers  Paper  Mfg.  Co.,  South 

Manchester,  Conn 
NAYLOR,  John  Samuel  (1887),  Prop.,  Peoples'  Wks.,  Front  St.  and  Girard 

Ave.,  and  201  West  Chester  Ave  ,  Chestnut  Hill,  Philadelphia,  Pa. 
OTTO,  Henry  S.  (Junior,  1909),  Supt.,  Saurer  Motor  Trucks,  301-315  N.  Hal- 

sted  St.,  Chicago,  111. 
OVIATT,  David  B.  (1891),  Asst.  Engr.,  Bd.  of  Water  Supply,  City  of  N.  Y., 

147  Varick  St.,  and  172  W.  109th  St.,  New  York,  N.  Y. 
PALMER,  Cortlandt  E.  (1895),  137  E.  19th  St.,  New  York,  N.  Y. 
PERCY,  Earl  N.  (Junior,  1907),  Mech.  Engr.,  Standard  Oil  Co.,  and  Trans- 
portation Club,  Palace  Hotel,  San  Francisco,  Cal. 
PINNER,  Seymour  W.   (Junior,  1909),  Edison  111.  Co.  of  Detroit,  18  Washing- 
ton Ave.,  Detroit,  Mich. 
POPE,  Harold  L.  (Junior,  1905),  Mgr.,  Pope  Mfg.  Co.,  West  Wks.,  Hartford, 

Conn. 
POSSELT,  Ejnar  (Junior,  1907),  Ch.  Engr.,  Cement  Securities  Co.,  Denver, 

and /or  mail,  care  Colorado  Portland  Cement  Co.,  Portland,  Colo. 
SANDO,  Will  J.   (1899),  Manager,  1908-1911;   Milwaukee   Club,   Milwaukee, 

Wis. 
SEARLE,  Wilbur  C.   (Junior,  1909),  Heald  Mch.  Co.,  and /or  mail,  23  Dover 

St.,  Worcester,  Mass. 
SHEPERDSON,  John  Wm.   (Associate,  1908),  Steam  Engr.,   Cambria  Steel 

Co.,  and /or  mail,  126  Tioga  St.,  Westmont,  Johnstown,  Pa. 
SLATER.  Alphcus  B.  (1891),  Slocums,  R.  I. 
SLIGHTER,  Walter  I.  (Junior,  1902),   Prof.  Elec.  Engrg.,  Columbia  Univ.. 

New  York,  N.  Y. 
SMITH,  Edward  Jos.  (1904),  30  Church  St.,  New  York,  and  1090  Gates  Ave., 

Brooklyn,  N.  Y. 
TAYLOR,  Frank  H.  (1908),  44  E.  82d  St.,  New  York,  N.  Y. 
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THOMPSON,  Edward  P.  (1884),  M.  E.,  Registered  Pat.  Atty.  and  Cons. 
Engr.,  34  E.  32d  St.,  New  York,  N.  Y. 

ULBRICHT,  T.  Carlile  (Junior,  1908),  Instr.,  Dept.  of  Power  Engrg.,  Sib- 
ley College,  Cornell  Univ.,  Ithaca,  N.  Y. 

VALENTINE,  Louis  Rossiter  (Junior,  1907),  Security  Cement  &  Lime  Co., 
Security,  and /or  mail,  38  Wayside  Ave..  Hagerstown,  Ml. 

WADLEIGH,  George  R.  (1907),  Hotel  Berlin,  St.  Louis,  Mo. 

WEBSTER,  Lawrence  Burns  (Junior,  1910),  15,440  Turlington  Ave.,  Harvey, 
111. 

WEGG,  David  S.,  Jr.  (Junior,  1909),  Telluride  House,  Ithaca,  N.  Y.;  also  16 
E.  Ontario  St.,  Chicago,  111. 

WETMORE,  Charles  P.  (1901),  615  Merrill  Bldg.,  and  518  Astor  St.,  Milwau- 
kee, Wis. 

WILCOX,  C.  C.  (Junior,  1905),  Asst.  to  Cons.  Elec.  Engr.,  Hodenpyl,  Wal- 
bridge  &  Co.,  1004  Majestic  Bldg.,  Detroit,  Mich. 

WILLIAMS,  George  W.  (1904;  1907),  67  Stanley  Ave.,  Hamilton,  Ont.,  Can- 
ada. 

WINGER,  Stanley  D.  (Junior,  1904),  Sales  Engr.,  Green  Engrg.  Co.,  39  Jack- 
son Blvd.,  and  4447  Indiana  Ave.,  Chicago,  111. 

YARYAN,  Homer  T.  (1892),  V.  P.,  Yaryan  Naval  Stores  Co  ,  Gulf  port.  Miss. 

YOUNG,  E.  R.  (Junior,  1900),  Cuyahoga  Falls,  O. 

ZIMMERMANN,  Wm.  F.  (1884),  2nd  V.  P.,  Pittsburgh  Testing  Lab.,  Rm. 
386,  50  Church  St.,  New  York,  N.  Y. 

NEW  MEMBERS 

CARBO,  Luis  Alberto  (Junior,  1909),  Ch.  Engr.,  Guayaquil  Sewer  and  Water 

Bd.,  P.  O.  Box  15,  Guayaquil,  Ecuador,  S.  A. 
COBB,  Stephen  Prentis  (Associate,  1910),  Albany  Southern  R.    R.,  Albany, 

N.  Y. 
FULLER,  George  W.  (1910),  Hering  &  Fuller,  170  Broadway,  New  York,  N.  Y. 
WILSON,  Robert  Alexander  (Junior,  1910),  Carnegie  Steel  Co.,  Ohio  Wks., 

Youngstown,  O.,  and  Constr.  Engr.,  Snow  Steam  Pump   Wks.,  Buffalo, 

N.  Y. 


PROMOTIONS 

HAWLEY,  Wm.  Parker  (1903;  Associate,  1910),  Instr.,  Mech.  Drawing,  Lewis 
Inst.,  Chicago,  and  320  N.  64thAve.,  Oak  Park,  111. 

DEATHS 

BELSLEY,  Clay,  September  3,  1910. 

JONES,  Washington,  July  30,  1910. 

WHEELER,  Frederick  Mariam,  September  15,  1910. 

WILKINSON,  Alfred,  August  30,  1910. 


GAS  POWEK  SECTION 

CHANGES  OF  ADDRESS 

ADDIS,  Roscoe  D.   (Affiliate,  1908),  Mgr.,  Gas  Eng.  Dept.,  Jas.  Beggs  &  Co., 

109  Liberty  St.,  and /or  mail,  215  Audobon  Ave.,  The  Brighton,  New  York, 

N,  Y. 
CARACRISTI,  Virginius  Z.  (1909),  Mem.  Am.  Soc.  M.  E. 
FISKE,  Geo.  Wallace  (Affiliate,  1909),  1429  Folk  St.,  Topeka,  Kan. 
JAMES,  Frederick  Conway  (Affiliate,  1910),  present  address  unknown. 
JOHNSON,  Louis  L.  (1910),  Mem.  Am.  Soc.  M.  E. 
MACNEILL,  M.  B.  (Affiliate,  1909),  Hyd.  Engr.,  Watson-Stillman  Co.,  Aldene, 

Union  Co.,  and  110  Littleton  Ave.,  Newark,  N.  J. 
PERCY,  Earl  N.  (1909),  Mem.  Am.  Soc.  M.  E. 
SMITH,  Bronson  H.   (Affiliate,    1908),    Asst.  Engr.,  Westinghouse,  Church, 

Kerr  &  Co.,  10  Bridge  St.,  New  York,  N.  Y. 
STEVENS,  Henry  R.  (Affiliate,   1909),   Cons.   Engr.,  4645  First  Ave.,  N.  E., 

Seattle,  Wash. 
ULBRICHT,  T.  C.  (1908),  Mem.  Am.  Soc.  M.  E. 
VINCENT,  Jay  Carter  (Affiliate,  1909),  Asst.  Engr.,  Power  and  Equip.,  Twin 

City  Rapid  Transit  Co.,  and /or  mail,  3100  James  Ave.,  S.,  Minneapolis, 

Minn. 

NEW  MEMBERS 

FITCH,  Charles  L.  (Affiliate,  1910),  Engr.,  253  Throop  Ave.,  Brooklyn,  N.  Y. 
PORTER,  Harold  Ernest  (Affiliate,  1910),  Engr.,  Tait  Producer  Co.,  New  York, 
and /or  mail,  254  Decatur  St.,  Brooklyn,  N.  Y. 


STUDENT  BRANCHES 

CHANGES  OF  ADDRESS 

ALLEN,  Carlton  H.  (Student,  1910),  Glen  Park,  Jeflferson  Co.,  N.  Y. 
BARRETT,  Sampson  A.  (Student,  1910),  13  Monroe  PL,  Brooklyn,  N.  Y. 
BOLGIANO,  J.  R.  (Student,  1909),  Taylor  Iron  &  Steel  Co.,   High  Bridge, 

N.  J. 
BRENEMAN,  Paul  E.  (Student,  1910),  717  W.  Poplar  St.,  York,  Pa. 
BUSH,  Charles  A.  (Student,  1910),  Lexington,  Neb. 
BUTLER,  W.  C.  M.  (Student,  1910),  Thurston  Ave.,  Ithaca,  N.  Y. 
BUYERS,  Donald  E.  (Student,  1910),  1202  W.  3d  St.,  Sterling,  111. 
CARLSON,  Chas.  A.  (Student,  1910),  905  S.  Busey  Ave.,  Urbana,  111. 
CARNAHAN,  O.  A.  (Student,  1909),  5523  Chancellor  St.,  Philadelphia,  Pa. 
COBB,  P.  L.  (Student,  1909),  38  Schermerhorn  St.,  Brooklyn,  N.  Y. 
COLEMAN,  Wm.  F.  (Student,  1909),  4300  Park  Ave.,  Chicago,  111. 
DEXTER,  Robert  L.   (Student,  1910),  39  Pleasant  PL,  Athol,  Mass. 
FRAMBACH,  Frederick  S.   (Student,  1910),  292  Manhattan  Ave.,  New  York, 

N.  Y. 
GILBERT,  F.  B.   (Student,  1909),  4759  Calumet  Ave.,  Chicago,  111. 
GODFREY,  Paul  S.   (Student,  1910),  198  E.  Mil  Ave.,  Wauwatosa,  Wis. 
HAM,  C.  W.  (Student,  1910),  109  W.  Buffalo  St.,  Ithaca,  N.  Y. 
HENWOOD,  P.  E.  (Student,  1909),  4631  Calumet  Ave.,  Chicago,  111. 
HUNTINGTON,  C.  S.  (Student,  1909),  509  E.  John  St.,  Champaign,  111. 
JOHNSON,  Charles  A.   (Student,  1910),  31  Orange  St.,  Waltham,  Mass. 
JONAS,  M.  R.   (Student,  1909),  205  Williams  St.,  Ithaca,  N.  Y. 
KASTLER,  E.  L.   (Student,  1910),  Baker  Mfg.  Co.,  Evansville,  Wis. 
KEOWN,  B.  L.   (Student,  1909),  Association  Hall,  Champaign,  111. 
KREIDLER,  D.  W.  (Student,  1909),  1007  S.  Wright  St.,  Champaign,  111. 
LANGWILL,  John  S.  (Student,  1910),  740  Langdon  St.,  Madison,  Wis. 
LUND,  J.  C.  (Student,  1909),  609  S.  Coler  Ave.,  Urbana,  111. 
MATTHEWS,  Robertson  (Student,  1910),  617  N.  Cayuga  St.,  Ithaca,  N.  Y. 
MEYER,  Richard  C.  (Student,  1909),  710  Thurston  Ave.,  Ithaca,  N.  Y. 
MOSCHEL,  H.   (Student,  1909),  Republic  Iron  &  Steel  Co.,  Moline,  111. 
NORWOOD,  C.  T.  (Student,  1909),  215  W.  Cypress  Ave.,  Redlands,  Cal. 
SMITH,  Donald  F.  (Student,  1910),  411  Dryden  Rd.,  Ithaca,  N.  Y. 
SPONSEL,  J.  G.  (Student,  1909),  307  E.  Daniel  St.,  Champaign,  111. 
VAUGHAN,  L.  L.  (Student,  1910),  Hartley  Hall,  Columbia  Univ.,  New  York, 

N.  Y. 
WATROUS,  Russell  W.  (Student,  1910),  127  Dryden  Rd.,'lthaca,  N.  Y. 
WESTLUND,  A.  F.  (Student,  1909),  110  E.  Green  St.,  Champaign,  111. 


COMING  MEETINGS 

November — December, 

Advance  notices  of  annual  and  semi-annual  meetings  of  engineering  societies  are  regularly 
published  under  this  heading  and  secretaries  or  members  of  societies  whose  meetings  are  of 
Interest  to  engineers  are  Invited  to  send  such  notices  for  publication.  They  should  be  In  the 
editor's  hands  by  the  15th  of  the  month  preceding  the  meeting.  When  the  titles  of  papers 
read  iit  monthly  meetings  are  furnished  they  will  also  be  published. 

ALABAMA  LIGHT  AND  TRACTION  ASSOCIATION 

November  21-23,  annual  convention,  Anniston,  Ala.  Secy.,  Geo.  S. 
Emery. 

AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

October  21-November  15,  special  meeting,  Canal  Zone,  S.A.  Secy.,  Dr. 
Joseph  Struthers,  29  W.  39th  St.,  New  York. 

AMERICAN   MATHEMATICAL   SOCIETY 

December  28-29,  annual  meeting,  Columbia  University,  New  York.     Secy., 
F.  N.  Cole. 

AMERICAN  RAILWAY  ASSOCIATION 

November  16,  semi-annual  meeting,  St.  Louis,  Mo.  Secy.  W.  F.  Allen, 
24  Park  PL,  New  York. 

THE  AMERICAN  SOCIETY  FOR  THE  ADVANCEMENT  OF  SCIENCE 
December  27-January  3,  Minneapolis  and  St.  Paul,  Minn.  Secy.,  L.  O. 
Howard,  Smithsonian  Institution    Washington,  D.  C. 

AMERICAN  SOCIETY  OF  CHEMICAL  ENGINEERS 

December  8-10,  Philadelphia,  Pa.  Secy.,  J.  C.  Olsen,  Polytechnic  Insti- 
tute, Brooklyn,  N.  Y. 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

November  2,  220  W.  57th  St.,  New  York.  Papers:  The  Arch  Principle  in 
Engineering  and  Esthetic  Aspects  and  its  Application  to  Long  Spans,  by 
C.  R.  Grimm;  November  16,  The  Failure  of  the  Yuba  River  Debris  Barrier 
and  the  Efforts  made  for  its  Maintenance,  by  H.  H.  Wadsworth.  Secy., 
C.  W.  Hunt. 

AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS 

November  11,  29  W.  39th,  St.  New  York.  Paper:  Interpole  Synchronous 
Converters,  by  B.  G.  Lamme  and  F.  D.  Newbury.     Secy.,  R.  W.  Pope. 

AMERICAN  SOCIETY  OF  REFRIFERATING  ENGINEERS 

December  5-6,  annual  meeting,  New  York.  Secy.,  W.  H.  Ross,  154  Nassau 
St. 

THE  AMERICAN  SOCIETY  OF  SWEDISH  ENGINEERS 

November  19,  271  Hicks  St.,  Brooklyn,  N.  Y.  Paper:  Modern  Devel- 
opment of  Electric  Transformer  Deisign,  by  H.  Pikler.     Secy.,  A.  Nilsson. 

ASSOCIATION  OF  AMERICAN  PORTLAND  CEMENT  MANUFAC- 
TURERS 

December  12-14,  annual  convention.  New  York.  Secy.,  Percy  H.  Wilson, 
Land  Title  Building,  Philadelphia,  Pa. 
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ENGINEERS  CLUB  OF  ST.  LOUIS 

December  7,  annual  meeting,  St.  Louis,  Mo.  Secy.  A.  S.  Langsdorf, 
Washington  University. 

NATIONAL  ASSOCIATION  OF  RAILWAY  COMMISSIONERS 

November  16-23,  annual  meeting,  Washington,  D.  C.  Reports:  Powers, 
Duties  and  Work  of  State  Railway  Commissions,  Legislation,  Shippers' 
Claims  on  Common  Carriers,  Railway  Service  and  Railway  Accommoda- 
tion, Construction  and  Operating  Expenses  of  Electric  Railways,  Simpli- 
fication of  Railway  Tariffs,  Rates  and  Rate  Making,  Uniform  Classifica- 
tion, Car  Service  and  Demurrage,  Railway  Capitalization,  Safety  Appli- 
ances, Grade  Crossings  and  Trespassing  on  Railroads,  Railroad  Taxes  and 
Plans  for  Ascertaining  the  Fair  Value  of  Railroad  Property,  Amendment 
of  Act  to  Regulate  Commerce,  Delays  Attendant  upon  Enforcing  Orders  of 
State  Railway  Commissions.  Secy.,  Wm.  H.  Connolly,  c/o  Interstate 
Commerce  Commission. 

NATIONAL  ASSOCIATION  OF  CEMENT  USERS 

December  12-23,  annual  convention,  New  York.  President,  Richard  L. 
Humphrey,  Harrison  Building,  Philadelphia,  Pa. 

NATIONAL  COMMERCIAL  GAS  ASSOCIATION 

December  5-13,  annual  convention  and  exhibition.  Mechanics'  Hall, 
Boston,  Mass.  Papers:  Manufacturers' Paper;  Industrial  Fuel;  Illumina- 
tion; Commercial  Man — His  Opportunities  and  Future,  Rates,  Compensa- 
tion of  Solicitors;  The  Commercial  Department  as  seen  through  the  Eyes 
of  a  Traveling  Salesman;  Lighting  and  Fuel  Maintenance;  Water  Heaters; 
Relations  with  Customers;  Office  and  Accounting  Methods.  Secy.,  Louis 
Stotz,  29  W.  39th  St.,  New  York. 

NATIONAL  GAS  AND  GASOLINE  ENGINE  TRADES  ASSOCIATION 
December  12-15  annual  meeting,    Racine,  Wis.      Secy.,   A.  Stritmatter, 
Cincinnati,   O. 

NATIONAL  MUNICIPAL  LEAGUE 

November  14-18,  annual  meeting,  Buffalo,  N.  Y.  Secy.,  Clinton  Rogers 
Woodruff,  North  American  Bldg.,  Philadelphia,  Pa. 

NATIONAL  SOCIETY  FOR  PROMOTION  OF  INDUSTRIAL  EDUCATION 
December  1-3,  annual  convention.  Secy.,  J.  C.  Monaghan,  20  W.  44th 
St.,    New  York. 

NEW  JERSEY  SANITARY  ASSOCIATION 

December  2-6,  annual  meeting,  Lakewood,  N.  J.  Secy.,  J.  A.  Exton, 
75  Beech  St.,   Arlington. 

NEW  YORK  CEMENT  SHOW 

December  14-20,  first  annual  convention,  Madison  Square  Garden,  New 
York.  Under  the  management  of  the  Cement  Producers  Company,  115 
Adams  St.,  Chicago,  111. 

NORTHERN  RAILWAY  CLUB 

November  26,  Duluth,  Minn.  Secy.,  C.  L.  Kennedy,  C.  M.  &  St.  P.  Ry., 
401  West  Superior  St. 

OHIO  SOCIETY  OF  MECHANICAL,  ELECTRICAL  AND  STEAM  ENGI- 
NEERS 

November  18-19,  annual  meeting,  Springfield,  O.  Secy.,  F.  E.  Sanborn, 
Ohio  State  University,   Columbus. 
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MEETINGS  IN  THE  ENGINEERING  SOCIETIES  BUILDING 

-^  ,  Society  Secretary  Time 

November 

2  Wireless  Institute S.  L.  Williams ....  7 .  30  p.m. 

3  Blue  Room  Engineering  Society W.  D.  Sprague.  . .  8.00p.m. 

9    American  Institute  Mechanical  Engineers.  C.  W.  Rice 8. 15  p.m. 

10  Illuminating  Engineering  Society P.  S.  Millar 8.15  p.m. 

11  American  Institute  of  Electrical  Engineers  R.  W.  Pope 8.00  p.m. 

15  New  York  Telephone  Society T.  H.  Lawrence .  .  8 .  00  p.m. 

17-18  Society  of  Naval  Architects  and  Marine 

Engineers W.J.  Baxter    All   day 

18    New  York  Railroad  Club H.  D.  Vought  . . . .  8. 15 p.m. 

23    Municipal  Engineers  of  New  York CD.  Pollock 8 .  15  p.m. 

December 

1     Blue  Room  JEngineering  Society W.  D.  Sprague  .. .  8.15p.m. 

6,  7,  8,  9  American    Society    Mechanical    Engi- 
neers   C.  W.  Rice All  day 

7  Wireless  Institute S.  L.  Williams  ....  8.00p.m. 

8  Illuminating  Engineering  Society P.  S.  Millar 8.15  p.m. 

9  American  Society  Electrical  Engineers R.  W.  Pope 8.00p.m. 

16  New  York  Railroad  Club H.  D.  Vought ....  8 .  15  p.m. 

20    New  York  Telephone  Society T.  H.  Lawrence  ..  8.15p.m. 

28    Municipal  Engineers  of  New  York C.  D.  Pollock...  8.15p.m 


CURRENT  BOOKS 

The  CoNSTKrcTioN  of  Graphical  Charts.  By  John  B.  Peddle.  New  York, 
McGraw-Hill  Book  Co.,  1910.   Cloth,  8vo,  109  pp.,  illustrated.    Price,  $1.50. 

Contents:  Charts  Plotted  on  Rectangular  Co-ordinates;  The  Allnement  Chart;  AUnement  Charts 
for  More  than  Three  Variables;  The  Hexagonal  Index  Charts;  Proportional  Chart;  Empirical  Equa- 
tions; Stereographlc  Charts  and  Solid  Models. 

Electric  Motors,  Continuous,  Polyphase  and  Single-Phase  Motors. 
Their  Theory  and  Construction.  By  Henry  M.  Hobart.  Second  edi- 
tion, revised  and  enlarged.  New  York,  The  Macmillan  Co.,  1910.  Cloth, 
8vo,  748  pp.,  798  illustrations.    Price,  $5.50. 

Contents:  Part  I.  Continuous  Motors:  Introductory;  General  Discussion  of  Continuous  Motors; 
Data  for  Motor  Designing;  Types  of  Armature  Windings;  Compound-Wound,  Series,  and  Shunt 
Motors;  Hopkinson  Method  of  Motor  Testing;  Commutator  Design;  Comparative  Designs  for  35- 
h.p.  Motor;  Examples  of  Shunt  Motor  Designs  by  Different  Manufacturers;  Examples  of  Designs 
of  Compound  Motors;  Interpole  Motors;  Variable-Speed  Motors;  Traction  Motors;  Part  II.  Poly- 
phase Motors:  Desirability  of  Using  Polyphase  Electricity;  Methods  of  Starting  Induction  Motors; 
Comparisons  Between  Induction  and  Continuous  Motors;  The  Design  of  Three-Phase  Induction 
Motors;  the  Circle  Diagram  and  its  Practical  Applications;  The  Torque  of  Induction  Motors;  The 
Circle  Coefficient;  Heating  of  Induction  Motors;  Calculations  of  P  R  Loss  in  Squirrel-Cage  Induc- 
tion Motor  Design;  Examples  of  Three-Phase,  Slip-Ring  Induction  Motors  of  Small  Outputs;  Ex- 
amples of  Three-Phase  Induction  Motor  Designs  Employing  Wound  Rotors,  Having  Medium  Out- 
puts; Examples  of  Three-Phase  Induction  Motor  Designs,  Employing  Wound  Rotors,  Having  Large 
Outputs;  The  Hunt  Squirrel  Cage;  Variable-Speed  Polyphase  Motor;  The  Design  of  Small  Motors 
for  Manufacture  in  Large  Quantities;  Cost  and  Weight  Coefficients  of  Induction  Motors;  Part  III. 
Single-Phase  Motors:  Introductory;  The  Single-Phase  Induction  Motor  without  a  Commutator; 
The  Single-Phase  Series  Motor;  The  Repulsion  Motor;  The  Compensated  Repulsion  Motor;  Other 
Single-Phase  Railway  Motors;  The  D6rl  Repulsion  Motor;  Creedy's  Design  of  an  Atkinson  Repul- 
sion Motor;  The  Wagner  Single-Phase  Commutator  Motor;  The  Schuler  Motor;  Variable-Pole  Repul- 
sion Induction  Single-Phase  Commutator  Motor;  Shunt  Single-Phase  Commutator  Motor. 

The  Mechanical  Engineers  Pocket-Book.  A  Reference-Book  of  Rules, 
Tables,  Data,  and  Formulae,  for  the  Use  of  Engineers,  Mechanics,  and 
Students.  By  William  Kent.  8th  ed.,  rewritten.  New  York,  John  Wiley 
&  Sons,  1910.    Morocco,  pocket-book  size,  1461  pp.    Price,  $5  net. 

Contents:  Mathematics:  Arithemetic,  Weights  and  Measures,  Algebra,  Mensuration,  Plane  Sur- 
faces, Mensuration,  Solid  Bodies,  Plane  Trigonometry,  Analytical  Geometry,  Differential  Calculus, 
Slide  Rule,  Logarithmic  Ruled  Paper,  Mathematical  Tables,  Materials,  Miscellaneous  Materials, 
Strength  of  Materials.  Alloys,  Ropes  and  Cables,  Springs,  Riveted  Joints,  Iron  and  Steel,  Steel; 
Mechanics;  Elements,  Stresses  in  Framed  Structures;  Heat;  Physical  Properties  of  Gases;  Air:  Flow 
of  Air,  Wind,  Compressed  Air,  Fans  and  Blowers;  Heating  and  Ventilation;  Water:  Hydraulics, 
Flow  of  Water,  Water-Power,  Water  Wheels,  Turbine  Wheels,  The  Power  of  Ocean  Waves,  Pumps. 
Hydraulic  Pressure  Transmission;  Fuel:  Liquid  Fuel,  Fuel  Gas,  Acetylene  and  Calcium  Carbide, 
Illuminating  Gas;  Steam:  Flow  of  Steam,  Stoam-Plpes;  The  Steam  Boiler;  Strength  of  Steam-Boil- 
era;  Boiler  Attachments,  Furnaces   etc..  Safety- Valves,  The  Injector,  Feed-Water  Heaters.  Steam 
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Separators,  Determination  of  Moisture  in  Steam,  Chimneys;  The  Steam  Engine:  Compound  En- 
gines, Steam-Englne  Economy,  Dimensions  of  Parts  of  Engines,  Fly-Wheels,  Slide- Valve,  Gover- 
nors, Condensers,  Air-Pumps,  Circulating-Pumps,  etc..  Rotary  Steam  Engines,  Steam  Turbines, 
Naphtha  Engines,  Hot-Air  Engines,  Internal  Combustion  Engines;  Locomotives;  Shafting;  Pulleys; 
Belting;  Gearing:  Forms  of  Teeth,  Strength  of  Gear  Teeth;  Hoisting  and  Conveying,  Cranes,  Coal- 
Handling  Machinery,  Wire-Rope  Haulage;  Wire-Rope  Transmission;  Rope  Driving;  Friction  and 
Lubrication:  Friction  Brakes  and  Friction  Clutches,  Lubrication;  The  Foundry;  The  Machine 
Shop:  Abrasive  Processes,  Various  Tools  and  Processes;  Dynamometers;  Ice  Making  or  Refrig- 
erating Machines;  Marine  Engineering:  Screw-Propeller,  Marine  Practice,  Paddle-Wheel,  Jet  Pro- 
pulsion; Construction  of  Buildings:  Foundations,  Masonry,  Beams  and  Girders,  Walls,  Floors, 
Columns  and  Posts;  Electrical  Engineering:  Electrical  Resistance,  Direct  Electric  Currents, 
Electric  Transmission,  Direct-Currents,  Electric  Railways,  Electric  Lighting,  Illumination, 
Electric  Batteries,  Magnetic  Circuit,  Dynamo-Electric  Machines,  Alternating  Currents,  Alternat- 
ing Current  Circuits,  Transformers,  Converters,  etc..  Electric  Motors,  Alternating  Current  Motors, 
Sizes  of  Electric  Generators  and  Motors. 

Russian  Turkestan  and  its  Products.  By  N.  J.  Malahowski.  St.  Peters- 
burg, 1910. 

Standard  Handbook  for  Electrical  Engineers.  Written  and  compiled 
by  a  staff  of  specialists.  3d  ed.,  revised  and  enlarged.  New  York,  McGraw- 
Hill  Book  Co.,  1910.  Morocco,  pocket-book  size,  1497  pp.,  reference  tables. 
Price,  $4  net. 

Contents:  Units;  Electric,  magnetic  and  dielectric  currents;  Measurements  and  Measuring  Appa- 
ratus; Properties  of  Materials;  Magnets,  Restorers,  Condensers  and  Reactors;  Transformers  and 
Converters ;  Electric  Generators;  Electric  Motors;  Batteries;  Central  Stations;  Transmission  and  Dis- 
tribution; Illumination;  Electric  Traction;  Electrochemistry;  Telephony;  Telegraphy;  Miscella- 
neous Applications;  Wiring;  Standardization  Rules;  Tables  and  Statistics. 


OFFICERS  AND  COUNCIL 

PRESIDENT 
George  Westinghouse Pittsburg,  Pa. 

VICE-PRESIDENTS 

Geo.  M.  Bond Hartford,  Conn. 

R.  C.  Carpenter Ithaca,  N.  Y. 

F.    M.   Whyte New   York 

Terms  expire  at  Annual  Meeting  of  1910 

Charles  Whiting    Baker New  York 

W.  F.  M.  Goss Urbana,  111. 

E.  D,  Meier New  York 

Terms  expire  at  Annual  Meeting  ot  1911 

PAST -PRE  SI  DENTS 

Members  of  the  Coucrtll  for  1910 

John  R.   Freeman Providence,   R.    I. 

Frederick  W.Taylor Philadelphia,  Pa. 

F.  R.  HuTTON New  York 

M.  L.  HoLMAN St.  Louis,  Mo. 

Jesse  M.   Smith New  York 

MANAGERS 

Wm.  L.  Abbott Chicago,  111. 

Alex.     C.     Humphreys New    York 

Henry  G.  Stott New  York 

Terms  expire  at  Annual  Meeting  of  1910 

H.  L.  Gantt New  York 

I.  E.  Moultrop Boston,  Mass. 

W.  J.  Sando Milwaukee,  Wis. 

Terms  expire  at  An.iual  Meeting  of  1911 

J.  Sellers  Bancroft Philadelphia,  Pa. 

James  Hartness Springfield,  Vt. 

H.  G.  Reist Schenectady,  N.  Y. 

Terms  expire  at  Annual  Meeting  of  1912 

TREASURER 
William   H.  Wiley New  York 

CHAIRMAN    OF    THE    FINANCE    COMMITTEE 
Arthur  M.  Waitt New  York 

HONORARY  SECRETARY 
F.  R.  Hutton New  York 

SECRETARY 
Calvin  W.   Rice 29  West  39th  Street,   New  York 
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EXECUTIVE  COMMITTEE  OF  THE  COUNCIL 


Alex  C.  Hxjmphreys,  Chairman 
Chas.  Whiting  Baker,  Vice-Chairman 

F.  M.  Whyte 


F.    R.    HUTTON 

H.  L.  Gantt 


STANDING  COMMITTEES 

FINANCE 

Arthur  M.  Waitt  (5),  Chairman  Robert  M.  Dixon  (3),  Vice-Chairman 

Edward  F.   Schnuck   (1)  Geo.   J.   Roberts   (2) 

Waldo  H.  Marshall  (4) 

HOUSE 

William  Carter  Dickerman   (1),   Chairman  Francis  Blossom   (3) 

Bernard  V.   Swenson  (2)  Edward  Van  Winkle   (4) 

H.  R.  Cobleigh  (5) 


LIBRARY 
John  W.  Lieb,  Jr.   (3),  Chairman 
Ambrose  Swasey  (1) 

Alfred  Noble  (5) 


Leonard  Waldo   (2) 
Chas.  L.  Clarke  (4) 


MEETINGS 
Willis  E.  Hall    (5),    Chairman 
Wm.  H.  Bryan  (1) 

H.  DE  B.  Parsons  (4) 


L.  R.  Pomeroy    (2) 
Chas.  E.  Lucke  (3) 


MEMBERSHIP 

Charles  R.  Richards  (1),  Chairman 
Francis  H.  Stillman    (2) 

Theo.  Stebbins  (5) 


George  J.  Foran  (3) 
HoESA   Webster  (4) 


PUBLICATION 

D.  S.  Jacobus  (1),  Chairman 
H.  F.  J.  Porter  (2) 

Geo.  M.  Basford  (5) 


Fred  R.  Low  (3) 
Geo.  I.  RocKWOOD  (4) 


RESEARCH 
W.  F.  M.  Goss  (4),   Chairman 
R.  C.  Carpenter  (1) 

Jas.  Christie  (5) 


R.   H.  Rice   (2) 
Ralph  D.  Mershon  (3) 


Note — Numbers  tn  parentheses  Indicate  number  of  years  the  member  has  yet  to  serve. 

[1956] 


SPECIAL  COMMITTEES 

1910 

On  a  Standard  Tonnage  Basis  for  Refrigeration 


D.  S.  Jacobtjs 
A.  P.  Tratjtwein 


John  E.  Sweet 


E.  F.  Miller 
On  Society  History 

Chas.  Wallace  Hunt 


G.  T.  Voorhees 
Philip  De  C.  Ball 


H.  H.  Suplee 


On  Constitution  and  By-Laws 
Chas.  Wallace  Hunt,  Chairman 
G.  M.  Basford 

Jesse  M.  Smith 

On  Conservation  of  Natural  Resources 
Geo.  F.  Swain,  Chairman 
Charles  Whiting  Baker 

Calvin  W.  Rice 


F.  R.  HUTTON 

D.  S.  Jacobus 


D.  Burlingame 

M.   L.  HOLMAN 


On    Identification    of   Power    House    Piping 

H.  G.  Stott,  Chairman  I.  E.  Moultrop 

W.  H.  Bryan  H.  P.  Norton 

J..   T.   Whittlesey 

On  International  Standards  for  Pipe  Threads 
E.  M.  Herr,   Chairman  Geo.  M.  Bond 

William  J.  Baldwin  Stanley  G.  Flagg,  Jr. 

On  Standards  for  Involute  Gears 
Wilfred  Lewis,  Chairman 
Hugo  Bilgram 

Gaetano  Lanza 

On  Land  and  Building  Fund 
Worcester  R.  Warner,  Chairman 
Conrad  N.   Lauer 

Francis  H.  Stillman 

Nominating  Committee 
Robert  M.  Hunt,  Chairman 
Geo.  M.  Basford 

W.  H.  V.  Rosing 

On  Power  Tests 
D.  S.  Jacobus,  Chairman     L.  P.  Breckenridge 
Edward  T.  Adams 
George  H.  Barrus 


William  Kent 
Charles  E.  Lucke 


E.  R.  Fellows 
C.  R.  Gabriel 


I.  E.  Moultrop 
George  A.  Orrok 


F.  F.  Gaines 
E.  M.  Herr 


Edward  F.  Miller 

Arthur  West 

Albert  C.  Wood 


On  Standardization  of  Flanges 


A.   M.   Mattice 
Wm.  Schwanhausser 


J.   P.   Sparrow 
H.  G. Stott 


On  Student  Branches 
F.  R.  HuTTON,  Honorary  Secretary 
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SOCIETY  REPRESENTATIVES 
1910 

On  John   Fritz   Medal 
Ambrose  Swasey  (1)  Chas.  Wallace  Hunt  (3) 

F.  R.  HuTTON  (2)  Henry  R.  Towne  (4) 


On  Board  of  Trustees  United  Engineering  Societies  Building 

F.  R.  Htjtton  (1)  Fred  J.  Miller  (2) 

Jesse   M.    Smith    (3) 


On  Library  Conference  Committee 
J.  W.  LiEB,  Jr.,  Chairman  of  the  Library  Committee,  Am.Soc.M.E. 


On  National  Fire  Protection  Association 
John  R.  Freeman  Ira  H.  Woolson 


On  Joint  Committee  on  Engineering  Education 
Alex.  C.  Humphreys  F.  W.  Taylor 


On  Advisory  Board  National  Conservation  Commission 
Geo.  F.  Swain  John  R.  Freeman 

Chas.  T.  Main 


On  Council  of  American  Association  for  the  Advancement  of  Science 
Alex.  C.  Humphreys  Fred  J.  Miller 


Note — Numbers  In  parentheses  Indicate  number  of  years  the  member  has  yet  to  serve. 
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OFFICERS  OF  THE  GAS  POWER  SECTION 
1910 

CHAIRMAN  SECRETARY 

J.  R.  BiBBiNS  Geo.  A.  Orrok 

GAS    POWER    EXECUTIVE    COMMITTEE 

F.  H.  Stillman  (1),  Chairman  F.  R.  Hutton  (3) 

G.  I.  RocKWOOD  (2)  H.  H.  Suplee  (4) 

F.  R.  Low  (5) 

GAS  POWER  MEMBERSHIP  COMMITTEE 
H.  R.  CoBLEiGH,  Chairman  A.  F.  Stillman 

H.  V.  O.  Goes  G.  M.  S.  Tait 

A.  E.  Johnson  George  W.  Whyte 

F.  S.  King  S.  S.  Wyer 

GAS  POWER  MEETINGS  COMMITTEE 
Wm.  T.  Magruder,  Chairman  Nisbet  Latta 

W.  H.  Blauvelt  H.  B.  MacFarland 

E.  D.  Dreyfus  C.  W.  Obert 

A.    H.    GOLDINGHAM  C.   T.   WiLKINSON 

GAS  POWER  LITERATURE  COMMITTEE 

C.  H.  Benjamin,  Chairman  L.  S.  Marks 

G.D.  Conlee  T.  M.  Phetteplace 

R.  S.  DE  MiTKiEwicz  G.  J.  Rathbun 

L.  V.  GoEBBELS  R.  B.  Bloemeke 

L.  N.  LuDY  A.  L.  Rice 
A.  J.  Wood 

GAS  POWER  INSTALLATIONS   COMMITTEE      ■ 
L.  B.  Lent,  Chairman  A.  Bement 

C.  B.  Rearick 

GAS  POWER  PLANT  OPERATIONS  COMMITTEE 

I.  E.  MouLTROP,  Chairman  C.  N.  Duffy 

J.  D.  Andrew  H.  J.  K.  Freyn 

C.  J.  Davidson  W.  S.  Twining 

C.  W.  Whiting 

GAS  POWER  STANDARDIZATION  COMMITTEE 

C.  E.  LucKE,  Chairman  E.  T.  Adams 

Arthur  West  James  D.  Andrew 

J.   R.   Bibbins  H.   F.   Smith 

Louis  C.  Doelling 

Note— Numbers  In  parentheses  indicate  number  of  years  the  member  has  yet  to  serve. 
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MEETINGS  OF  THE  SOCIETY 

THE  MEETINGS  COMMITTEE 

Willis  E.  Hall  (5),  Chairman  L.  R.  Pomeroy  (2) 

Wm.  H.  Bryan  (1)  Chas.  E.  Lucke  (3) 

H.  deB.  Parsons  (4) 

Meetings  of     the  Society  in  Boston 
Ira  N.  Hollis,  Chairman  I.  E.  Motjltrop,  Secretary 

Edward  F.  Miller  J.  H.  Libbey 

Meetings  of  the  Society  in  St.  Louis 
Wm.  H.  Bryan,  Chairman  Ernest  L.  Ohle,  Secretary 

R.   H.   Tait,   Vice-Chairman  Fred  E.   Bausch 

M.    L.    HOLMAN 

OFFICERS  OF  STUDENT  BRANCHES 


INSTITXjnON 

BRANCH 
AUTHORIZED 
BY  COUNCIL 

HONOR  ART      CHAIR- 
MAN 

PRESIDENT 

CORRESPONDING 
SECRETARY 

1908 

Stevena  Inst,  of  Tech. 

December  4 

Alex.  C.  Humphreys 

H.  H.  Haynes 

R.  H.  Upson 

Hoboken,    N.    J. 

Cornell    University, 

December  4   R.  C.  Carpenter 

C.C.Allen 

C.  F.  Hirschfeld 

Ithaca,  N.  Y. 

! 

1909 

Armour  Inst,  of  Tech., 

March  9 

G.  F.  Gebhardt 

F.  E.  Wernick 

W.  E.  Thomas 

Chicago,  lU. 

Leland    Stanford    Jr. 

March  9 

W.  F.  Durand 

J.  B.  Bubb 

H.  H.  Blee 

University,    Palo 

Alto,  Cal. 

Polytechnic  Institute, 

March  9       j  W.  D.  Ennls 

J.  S.  Kerins 

Percy  Glanella 

Brooklyn,   N.  Y. 

State    Agrl.    College, 

March  9 

Thos.  M.  Gardner 

C.  L.  Knopf 

S.  H.  Graf 

Corvallis,  Ore. 

Purdue    University, 

March  9 

L.  V.  Ludy 

H.  A.  Houston 

J.  W.  Barr 

Lafayette,  Ind. 

University   of    Kansas, 

March  9 

P.  F.  Walker 

C.  E.  Johnson 

C.  A.  Swlggett 

Lawrence,  Kan. 

New    York    Univ., 

November  9 

C.  E.  Houghton 

Harry  Anderson 

Andrew  Hamilton 

New  York 

Univ.     of  Illinois, 

November  9;  W.  F.  M.  Goss 

B.  L.  Keown 

C.  S.  Huntington 

Urbana,  111. 

Penna.   State  College, 

November  9 

J.  P.  Jackson 

W.  E.  Helbel 

G.  M.  Forker 

State  College,  Pa. 

Columbia  University, 

November  9 

Chas.  E.  Lucke 

F.  R.  Davis 

H.B.Jenkins 

New  York. 

Mass.    Inst,    of    Tech., 

November  9 

Gaetano  Lanza 

Morrill  Mackenzie 

Foster  Russell 

'   Boston,  Mass. 

Univ.   of   Cincinnati, 

November  9;  J.  T.  Falg 

H.  B.  Cook 

C.  J.  Malone 

Cincinnati,  O. 

Univ.  of  Wisconsin, 

November  9 

C.  C.  Thomas 

A.  Mac  Arthur 

A.  Wegner 

Madison,  Wis. 

Univ.  of  Missouri, 

December  7 

H.  Wade  Hlbbard 

R.  V.  Aycock 

Osmer  Edgar 

Columbia,  Mo. 

Univ.   of   Nebraska, 

December  7 

C.  R.  Richards 

W.  J.  Wholenberg 

W.  H.  Burleigh 

Lincoln,  Neb. 

1910 

Univ.  of  Maine, 

February   8 

Arthur  C.  Jewctt 

H.  N.  Danforth 

A.   H.     Blalsdell 

Orono,  Me. 

Univ.  of  Arkansas, 

April  12 

B.  N.Wilson 

C.  B.  Boles 

W.  Q.  Williams 

Faycttcvllle,  Ark. 

Yale  University, 

October  11 

W.  Roy  Manny 

New  Haven,  Conn. 
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ADVERTISING      SUPPLEMENT 


SECTION    I 


Machine  Shop  Equipment 


Machine  Shop  Equipment       -                              ...  Section    I 

Power  Plant   Equipment          ...              -              -  Section   2 

Electrical   Equipment                ,              .              -              -              -  Section   3 

Hoisting  and  Conveying  Machinery.      Power  Transmission      -  Section   4 

Engineering   Miscellany           ....              -  Section   5 

Directory  of  Mechanical  Equipment                -              -              -  Section  6 


No.  8  Turret  Screw  Machine 


Turret  Lathes,  many  sizes — many  styles.      For  a  given  class  of  work 
there  is  a  machine  especially  adapted. 

The  catalogue  gives  full  information.      It  will  be  sent  on  request. 


THE    WARNER    &    SWASEY   COMPANY 


CLEVELAND,  OHIO 


BRANCH    OFFICES: 


NFW    YORK 


BEMENT  HYDRAULIC  RIVETER 

WITH  AUXILIARY  STAKE 

THE  Bement  Triple  Pressure 
Hydraulic  Riveter  equipped 
with  auxiliary  stake  makes  an  inval- 
uable machine  for  boiler  shops.  The 
same  machine  can  be  used  for  rivet- 
ing both  boiler  shells  and  flues. 
Design  is  very  compact  and  the  con- 
struction is  massive  and  rigid.  Cylin- 
der has  a  simple,  positive  action 
operated  by  1 5U0  lbs.  water  pressure. 
Three  pressures  are  obtained  by  a 
main  plunger  for  the  inaximum  press- 
ure and  two  auxiliary  plungers  which 
can  be  locked  individually  or  together 
to  main  plunger  for  the  intermediate 
pressures. 

A  simple  Ivi^o-way  valve  is  used,  dispensing 
with  the  usual  distributing  valve  and  reducing 
the  number  of  water  joints  and  maintenance 
cjst  to  a  minimum.  All  packings  are  hemp 
and  placed  outside  for  easy  renewal. 
F^ur  sizes:  10,  12,  15  and  17  ft.  gaps  with 
capacities  o.  30,  70.  100  and  130  tans 
respectively.     Write  for  illustrated  circulars. 

NILE  S- BEMENT- POND  COMPANY 

111    BROADWAY,    NEW  YORK 


Extracts  from  the  ^ook  of 

Copies  of  the  Book 

The    Flat   Turret   Chucking   Lathe 

T  UST  as  the  original  Flat  Turret  Lathe  was  the  first  ma- 
•^  chine  to  be  equipped  with  an  outfit  of  conveniently  adjust- 
able tools  for  bar  work,  so  now  with  the  present  machine  we 
have  provided  a  universal  outfit  of  tools  for  chuck  work. 

The  many  illustrations  of  chucking  tools  and  conditions 
under  which  they  work  will  carry  conviction  that  we  have  not 
fallen  short  of  our  established  record,  to  use  only  the  most 
practical  and  efficient  tools  held  under  the  most  rigid  control 
and  in  conveniently  adjustable  holders.  When  we  say  chuck 
work,  we  do  not  mean  merely  the  process  of  boring  a  rough 
hole  in  a  piece  of  work  to  be  reamed  elsewhere,  and  after 
that  to  have  the  piece  pushed  on  an  arbor  and  turned  in  some 
other  machine,  but  we  mean  finishing  the  work  shown  by  our 
accompanying  sketches,  in  which  every  possible  cut  is  taken 
that  can  be  taken,  and  still  leaves  means  for  holding  the  piece. 

Just  as  in  the  past  we  restricted  our  working  dimensions 
to  a  2-inch  spindle  hole,  so  now  in  this  machine  we  restrict 
our  chucking  swing  to  12  and  14  inches;  but  in  doing  so  we 
furnish  a  machine  that  cannot  be  equaled  by  any  other  machine. 

The  simplicity  of  our  entire  scheme  makes  it  possible  to 
retain  for  our  entire  range  of  work  our  claim  made  for  the 
original  machine,  viz.,  we  can  make  one  piece  quicker  than  it 
is  possible  to  make  it  in  an  engine  lathe,  and  if  two  pieces  or 
more  are  required  our  systems  of  stops  make  a  convenient  and 
quick  means  for  accurate  duplication. 


Springfield,  Vermont 
U.  S.  A. 


Jones  &  Lamson 


Germany,  Holland,  Belgium,  Switzerland,  Austria-Hungary, 
M.  Koyemann,  Charlottenstrasse  112   Dusseldorf,  Germany. 


The  Hartness  Flat  Turret  Lathe 


mailed  on  request 


The  ten  stops  for  the  cross-feed  head,  combined  with  the 
dozen  stops  for  the  turret,  and  the  turning  and  boring  tools, 
all  of  the  simplest  and  stiffest  construction,  make  this  machine 
ready  to  begin  work  as  soon  as  it  is  supplied  with  the  driving 
power.  It  is  not  only  ready  to  begin  work  on  the  work  for 
which  it  may  have  been  purchased,  but  it  is  supplied  with  a 
set  of  tools  that  will  take  care  of  any  similar  piece  any  hour  or 
any  day  in  the  future;  and,  notwithstanding  this  universality, 
adaptability  and  efi&ciency,  our  tools  and  work  are  brought 
together  under  the  most  rigid  control  and  under  ideal  condi- 
tions never  before  attained  in  a  lathe. 

All  the  shears  and  running  surfaces  are  protected  from 
the  dust  of  cast-iron,  so  that  the  machine  may  be  used  for 
either  steel  work  in  which  oil  is  used,  or  for  cast-iron  chucking. 


Machine  Company  l 


ueen  Victoria  Street 

ondon,    England 


France  and  Spain,  Ph.  Bonvillain  and  E.  Ronceray,  9  and  11 
Rue  des  Envierges,  Paris.     Italy,  Adler  &  Eisenschitz.  Milan 


HERE  IS  THE 

STORY  CF 


Trade         \^/ 


Mark 


Beware  of 
Imitations 


REOI8TERED 


NICHOLS  TAP  AND 

REAMER  WRENCH 

Never  Loosens  its  Grip, 
as  the  Handle  does  not 
Rotate.      Years  on 
the  Market,  and 
Superior   To 
All  Others 


THAT'S  ALL! 

THE  J.  M.  CARPENTER 

TAP  &  DIE  COMPANY 

PAWTUCKET,  R.   I.,    U.  S.  A. 


ON  THE  ART  OF  CUTTING  METALS 

By  FRED  W.  TAYLOR,  Sc.D. 

The  most  complete  and  thorough  treatise  yet  published 
on  this  subject  with  chapters  on: 

Action  of  Tool  and  its  Wear  in  Cutting  Metals 

How  Modern   High-Speed  Tools  Wear 

How  to  Make  and  Record  Experiments 

Lip  and  Clearance  Angle  of  Tools 

Forging  and  Grinding  Tools 

Pressure  of  the  Chip  upon  the  Tool 

Cooling  the  Tool  with  a  Heavy  Stream  of  Water 

Chatter  of  Tools 

How  Long  Should  a  Tool  Run  Before  Regrinding 

Effect  of  Feed  and  Depth  of  Cut  on  Cutting  Speed 

Tool  Steel  and  its  Treatment 

Theory  of  Hardening  Steel 

Quality  of  Metal  to  be  Cut 

Line  or  Curve  of  Cutting  Edge 

Slide  Rules 

Additional  Experiments  and  Investigations 

2d  Edition — without  discussion  (cloth)          -  $3.00 

3d        "            with              "               "               -  3.50 

3d        "               "                "            (half-morocco)  4.50 

Pages  350.     Folders  24 

The  American  Society  of  Mechanical  Engineers 

29  WEST  39th  STREET,  NEW  YORK 


Hollow  or  Life  Saving  Set  Screws, 
Worth  Investigating 


IT'S  THIS   HOLE 

THAT  MAKES 

THEM    DIFFERENT 


^  Eliminate  Danger 

i^  Reduce  Cost  and  come 

:^  witliin  the  restrictions  of 

y'  tlie   law    concerning    pro= 


u.  s.  Patent  tccted  heads. 

679,927 


ASK  FOR  SPECIAL  CIRCULAR  No.  2872 
Hammacher  Schlemmer  &  Co. 


New  York,  Since  1848 


Hardware,  Tools  and  Supplies 


4th  Ave.  and  13th  St. 


High-Speed  Steam-Hydraulic  Forging  Presses 

double   your    production   with    one-half 
your  labor  cost  and  steam  consumption 


COST  OF  REPAIRS  REDUCED 

Eliminates  Heavy  Shocks  and 
Vibration 

SINGLE  LEVER  CONTROL 


SMALL  SIZES-Single  Frame  Type 
LARGE   SIZES-Four   Column   Type 


BUILT  FOR  ALL    CLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


100  Tons  to  12,000  Tons  Capacity 


MANUFACTURED  UNDER  DA 


LTD.,  PATENTS 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

2300   FARMERS'    BANK   BUILDING  PITTSBURG,   PA. 


The  StmdardTool  Cos 

"STANCO"  FORGED  TWISTED  HIGH  SPEED  DRILLS 


These  drills  are  forged  from  a  special  High  Speed  Steel.  They  cut  free, 
run  true,  fit  regular  sockets  and  save  expense  of  special  chucks. 

We  recommend  these  drills  with  Standard  Taper  Shanks  as  the  most 
satisfactory  and  reliable. 

CLEVELAND,  O.,  U.    S.  A.,  and  94  Reade  St.,   N.  Y. 


MANNING,    MAXWELL  &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


RUSSELL,  BURDSALL  &  WARD 
BOLT  and  NUT  CO. 

PORT  CHESTER.  N.  Y 

Manufacturers  of  the  finest  grade  of 

BOLTS  and  NUTS 

For  Automobiles,  Machinery  and 
Engineering  Work 

Branch  Works  at  Rock    Falls,    III. 


WE    BUILD    A   COMPLETE    LINE   OF   NEW   AND    UP-TO-DATE 

BOLT  AND  NUT 

MACHINERY 


Including  ... 

Bolt  Cutters  (threaders),  Bolt  and  Rivet 
Headers,  Upsetting  and  Forging  Machines, 
Hot  Pressed  Nut  Machines,  Nut  Tappers, 
Washer  Machines,  Wire  Nail  Machines 
and  Lag  Screw  Gimlet  Pointers 


Nationalmachinery/T)) 
TIFFIN.OHIO.US-A    \j   J 


ADVERTISING     SUPPLEMENT 


SECTION  2 


Power  Plant  Equipment 


Machine   Shop  Equipment      .               -               .               .               -  Section    1 

Power  Plant   Equipment          -----  Section   2 

Electrical  Equipment                 ...               -               -  Section  3 

Hoisting  and  Conveying   Machinery.      Power  Transmission   -  Section  4 

Engineering  Miscellany            ....              -  Section   5 

Directory  of  Mechanical   Equipment                -              -              .  Section  6 


^    We  Make  the  Best  Governor 


The  "Wisconsin' '  Governor  is  powerful  and 
dependable.  It  rotates  at  three  to  five  times 
the  usual  governor  speed  and  is  correspond- 
ingly sensitive. 

The  fly-weights  are  light  and  perfectly 
balanced.  The  cover  acts  as  the  counterpoise 
but  it  is  set  on  a  ball-bearing,  so  that  the 
common  defect  of  too  much  inertia  in  the 
governor  parts  is  overcome,  and  much  better 
regulation  is  obtained.  This  design  also  re- 
lieves the  radius  arms  and  pins  of  the  strains 
commonly  put  upon  them  by  the  rigid  attach- 
ment of  heavy  weights. 

The  Governor  when  in  operation  can  always 
come  down  to  "safety  position"  whether  the 
belt  breaks  or  not — the  engine  is  always  pro- 
tected. 

We  build  governors  for  any  make  of  Corliss 
engine — governors  which  will  surprise  you  by 
their  superior  efficiency  over  the  "other"  type. 
It  you  are  not  satisfied  with  your  governor  let 
us  know  your  conditions. 

Send  for  bulletin  on  "Engine  Design" 


ENGINEERS  AND  BUILDERS 

CORLISS.  WIS.,   L.  S.   A. 


Buckeye  Gas  Engines 

FOUR  CYCLE  -  DOUBLE  ACTING 
For  Natural  and  Producer  Gas 

75  to  10,000    B.  H.  P. 


Catalogues,    information    and    estimates    cheerfully    furnished 

BUCKEYE  ENGINE  COMPANY 


SALEM,  OHIO 


Nash  Gas  Engines 

ARE 

Reliable,  Economical, 
Simple  and  Safe. 

25  years  leadership  of  Vertical 
Gas  Engine  Design. 

Operate  on  City  Gas,  Gaso- 
line, Distillate  and  Producer 
Gas. 

SIZES  3  to  425  H.  P. 

Catalogue  sent  promptly  on  request 
Meters  Cronvn,  Empire,  Nash,   Gem,  Premier 

NATIONAL    METER    COMPANY 

84  CHAMBERS  STREET,        NEW  YORK 

Chicago  Boston  Pittsburg  Cincinnati  Los  Angeles 


Makers  of  the  nor/ J  / 


W'aitr 


WARREN    VERTICAL  AND    TANDEM    GAS 
ENGINES  AND  SUCTION  GAS  PRODUCERS 

POINTS  OF   MERIT 

Heavy  overload  capacity.     Close  regulation.      Positive  lubrication. 

Positive  circulation  of  cooling  water.     No  joints   between 

combustion    chamber    and    water   jackets. 

All  valve  cages   removable. 

The   most  reliable  and  economical  motive  power  obtainable 
Ask  your  consulting  engineer  to  investigate 

Warren,  Pa. 

Pittsburg 
310  House  Building 


STRUTHERS-WELLS    CO., 


Now  York 
60  Church  Stroot 


The  capacity  of  your  power  plant 

can  be  increased  without  using  any  more  fuel,  by 
installing  Allis-Chalmers  Low  Pressure  Steam 
Turbines  operating  on  exhaust  steam. 


ALLIS-CHALMERS   COMPANY 

General  Offices,  Milwaukee,    Wisconsin 


$0.0024  m  B.  H.  P.  HOUR 


This  is  the  fuel 
cost  with  our 
"FH"  Oil  Engine, 
with  oil  at  $0.03 
per  gallon.  Not 
even  the  best  steam 
turbine  under 
most  favorable 
conditions  can 
equal  this  econo- 
my. 

Write  us  for 
Bulletin  101. 


DE  LA  VERGNE 


MACHINE     COMPANY 


1123   EAST  138th  STREET 


NEW  YORK  CITY 


i 


seamlesstobing'° 

Brass-  Copper- Bronze^ 

(O0)ENSE]lTUBING 

Btsss  3/2(/Adm/ra/ly^Mxk/res 

^eai  iens//0slren0fh 
and  /iJ^  e/'asiJo<=» 
//mii/.ypT^s/ia^ing' 
andpiiston  worh^ 
All  commei^ciaZ 
s/zQ^  in  ^tockj 

"^rite  -fhx-  "Price  L,i<st 
□I 


a  D)  I  ZZI D 


BRIDGH>aKrffiASSCQ 

MAIN  OFFICE,  ROLLING  MILLS  AND  FACTORIES 

BRIDGBPORX,  CONN. 

OFFICES  AND  STORES 

253  Broadway,  New  York.  17  N.7*Sireet,  Phi  la. 
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Nelson  Valves 

For  the  Long  Run 

It  is  our  policy  to  build  valves  for  you  that 
will  not  only  be  satisfactory  to  you  when 
new,  but  that  will  creditably  prove  their 
worth  by  long  endurance  in  hard  service. 

Valves  that  have  been  opened  and  closed 
three  thousand  times  wixhout  showing  sign 
of  wear  or  leak. 

Valves  that  are  opened  and  closed  thirty  to 
forty  times  per  day  for  alternate  supply  of 
cold  water  and  live  steam;  at  this  rate  three 
hundred  and  thirteen  days  per  year^  without 
leakage  or  repairs  from  year  to  year. 

These  are  usual  Nelson  Valve  records  that 
will  appeal  to  your  judgment  of  good  valve 
service. 


Nelson  Valve 
Company 

Philadelphia,  Pa. 


New  York 
30  Church  St. 

Butte,  Montana 
56  E.  Broadway 

Minneapolis 
622  Andrus  Bldg. 


Pittsburgh 
525  Third  Ave. 

Chicago 
17  W.  Kinzie  St. 

San  Francisco 
22  Battery   St. 


Montreal 
12-14  University  St. 


SEABURY  COMPOUND  AND  TRIPLE  EXPANSION 

MARINE 
STEAM 
ENGINE 

PERFECTION    IN    DESIGN 
AND    MATERIAL 

GAS  ENGINE  &  POWER  CO.  and  CHARLES  L.  SEABURY  &  CO. 

CONSOLIDATED 
MORRIS   HEIGHTS,    NEW  YORK,    N.   Y. 

Also  Yacht  and  Launch  Builders  and  Manufacturers  of  Seabury  Water  Tube 
Boilers  and  Speedway  Gasolene  Engines.     Send  10  cent  stamp  for  Catalogue. 


IMMUNE  TO  the    evils   of    EXPANSION 


•^  PROVED        <^ 


ITS 


SUPERIOR  COMPARATIVE  MERITS 

FOR 

BOILER  BLOW-OFF,  ETC. 


BECAUSE    IT 


meets    requirements    perfectly 
without    repairs    or    complaint 

SPECIFIED  AND  USED  BY  "*"'^'^^'^^'^"" 


MODERN  POWER  PLANTS 


JOHN  SIMMONS  CO.,  no  centre  st.,  New  York.  N.  Y. 


Attention 


Consulting, 
Operating 
Engineers 
and 

Engine 

Buyers 


Do  you  want  the  latest  and  best  Corliss  Four-valve  non-releasing  valve 
gear  engine,  direct  connected  type,  equipped  with  Robb-Armstrong- 
Sweet  Inertia  shaft  governor.  Rotative  speed  200  to  250  revolutions 
per  minute,  noiseless  in  operation,  compact  and  durable;  highest  attain- 
able economy  and  closest  regulation  guaranteed. 

Write  for  descriptive  catalogue  of  our  Ajax  and  '"'Franklin'''  engines 

Hewes  &  Phillips  Iron  Works,  Newark,  N.  J. 


BRISTOLDURAND    AVERAGING    INSTRUMENT 


FOR 

CIRCULAR-CHART 

RECORDS 

AS   ILLUSTRATED 
HEREWITH 

Write  for  new   Illustrated 

Index    of    Bristol's    Recording 

Instruments   for   Pressure, 

Tennperature    and     Electricity 

with  nnore  than  50  illustrations  of  Bristol   Instruments. 

THE  MOST  COMPLETE  LINE  OF  RECORDING  INSTRUMENTS  IN  THE  WORLD 
THE  BRISTOL  COMPANY 

WATERBURY,   CONNECTICUT 


THE   HOPPES   INDUCTION   CHAMBER 


Is  the  simplest,  most  efficient  and  economical  device  on  the  market  for  connecting 
up  a  feed-water  heater  where  part  of  the  exhaust  is  by-passed  to  heating  or  drying 
system.  It  saves  the  cost  of  several  large  valves  and  fittings  and  an  independent 
oil  separator  and  allows  the  heater  to  be  cut  out  for  cleaning  or  inspection  by  one 
turn  of  the  valve.  It  is  built  for  any  size  of  exhaust  pipe  and  can  be  used  with 
any  size  or  type  of  Hoppes  Feed-Water  Heater.     Write  for  further  particulars. 

Let  us  send  you  our  catalogue  No.  40  of 

Exhaust  Steam  Feed- Water  Heaters,  Live  Steam  Feed- Water 
Purifiers,  Steam  and  Oil  Separators,  Exhaust  Heads 

HOPPES  MFG.  CO.,  47  James  St.,  SPRINGFIELD,  OHIO 


Perfect  regulation  is 
insured  to 

Ridgway  Engines 

by  the  Ridgway  Inertia 
Governor.  Sensitive, 
reliable  and  convenient. 


The   Bulletin  of  our  Side  Crank  Engine  explains  and 
illustrates  this  in  detail. 

Particulars.^^     Ask 


RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY,  PENNA. 


Robb-Mumford  Boiler  Co 


Successors  to 

EDWARD  KENDALL  &  SONS 

CHARLES  RIVER  IRON  WORKS 


Manufacturers  of 

Return  Tubular,  Water  Tube,  internally  fired  and  other 

types  of  Boilers;  Smoke  Stacks,  Tanks,  Etc. 

Works:— SOUTH  FRAMINGHAM,  MASS. 

Sales  Office:  131  State  St.,   Boston 


THE  BABCOCK  &  WILCOX  COMPANY 

85  LIBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Works:  BARBERTON.  OHIO     BAYONNE,  N.  J. 

BRANCH  OFl'KES 


BOSTON,  10  Post  Office  Sq. 
PITTSBURGH,  Farmers  Deposit  Bank! 
SALT  LAKE  CITY,  313  Atlas  Block 
CLEVELAND,  New  England  Bldg. 
LOS  ANGELES,  American  Bank  Bldg. 


PHILADELPHIA,  North  American  Bldg. 
NEW  ORLEANS,  Shubert  Arcade 
CHICAGO,   Marquette  Bldg. 
PORTLAND,  ORE.,  Wells-Fargo  Bldg. 
SEATTLE.  Mutu.nl  Life  Bldg. 


SAN  FRANCISCO,  99  First  Street 
DENVER,  435  Seventeenth  Street 
ATLANTA,  Candler  Bldg. 
HAVANA,  CUBA,  116J  Calie  de  la  Habani 
CINCINNATI,  Traction  BUIg. 


Specify      All    Radiator  Valves  to  be  genuine 

JamU-imc*    Dmm»     with   Diamond 
enkins  Bros.  ^^^^^  ^^^^., 

Specifying  these  valves,  and  then  insisting  that 
your  contractor  installs  just  what  is  called  for,  will 
secure  for  you  the  heaviest  radiator  valves  made. 
Highest  grade  metal  and  workmanship.  Full  open- 
ing. All  parts  renewable.  Can  be  packed  under 
pressure. 


JENKINS    BROS 


PHILADELPHIA 


DIXON^S  FLAKE  GRAPHITE 


The  finest  lubricating  graphite  produced— the  kind 
that  has  proved  its  lubricating  ability. 

Reduces  friction,  saves  wear,  prevents  seizing  and 
scoring. 

JOSEPH  DIXON  CRUCIBLE  CO. 

JERSEY  CITY.  N.  J. 


POWER  FOR  2c  A  KW.  HOUR 

If  you  are  payinK  more  than  this  for  lighting  and  power  current 
you  are  throwing  good  money  away, — might  just  as  well  get  a  K.W. 
hr.  for  two  cents  and  put  the  difference  in  your  pocket.  Hundreds 
of  plants  are  already  running  as  economically  as  this  by  using 

AMERICAN  BALL  ANGLE  COMPOUND 
DIRECT  CONNECTED  UNITS 

The  Angle  Compound  Unit  is  built  especially  for  isolated  plant 
service.  It  has  superior  steam  economy,  gets  twice  as  rnuch  power  on 
the  same  floor  space  as  a  simple  engine,  needs  very  little  attent'on 
(as  it  has  no  complicated  valve  gears  and  automatic  lubrication) , 
sets  up  absolutely  no  vibrations,  and  is  therefore  suitable  for  use  in 
apartment  houses,  hosjiitals,  hotels,  etc.     Write  for  catalog. 

AMERICAN  ENGINE  COMPANY 

41  RARITAN  AVE.  23  BOUND  BROOK,  N.  J. 


FRANKLIN  water-tube  BOILER 

BUILT  BY 

Franklin  Boiler  Works  Co. 

TROY,  N.  Y. 

General    Sales   Office 

39  Cortlandt   Street 
NEW        YORK 

HEINE   ^^Ve"   boilers 

and 

SUPERHEATERS 

In  units  of  from  50  to  600  H.  P. 

Heine  Safety  Boiler  Co.,  St.  Louis,   Mo. 

BRANCH    OFFICES 
Boston  New  York  Philadelphia  Pittsburgh  Chicago  New  Orleans 


THE 


HOOVEN-OWENS-RENTSCHLER  CO. 


Builders  of 

HAMILTON 
CORLISS 
ENGINES 

Standard  of  Merit 

Works  at 

HAMILTON,   OHIO 


WE  SPECIALIZE 

We  concentrate  our  entire  attention  on  valves 
and  hydrants  and  do  not  have  a  line  of  miscel- 
laneous sundries  such  as  fittings,  boiler  trim- 
mings, etc.,  to  divide  our  interests  Thus  we 
can  give  valves  particular  attention. 

The  result  of  this  concentrated  effort  is  shown 
in  Kennedy  Valves— it  shows  in  their  design, 
workmanship  and  finish. 

Address  "Department  J ." 

THE  KENNEDY  VALVE  MFG.  CO. 

ELMIRA,  N.  Y. 


CORK 

INSERTS 


(PATENTED) 


TURN     WASTED     POWER     INTO 
PRODUCT 

2400  more  picks   a  minute  are  being  obtained  by  equipping 
one  Loom  driving  pulley. 

1044  more  R.  P.  M.  are  being  obtained  by  the  equipment  of 
one  Winding  Machine  Clutch. 

500  more  spindle-hours  are  being  obtained  by  equipping  one 
Mule  Friction. 


400  more  R.  P.  M.  are  being  obtained  by  the  equipment  of 
one  Spinning  Frame  Pulley. 

In  each  of  these  cases  and  thousands  of  others  the 
increase  in  product  very  quickly  paid  for  the  Cork  Insert 
installation  and  thereafter  the  gain  is  clear  profit. 


How  about    Friction    Losses    in  your 
plant 

f  Cork  Insert  Pulley 
Will  you  try  a  J  Cork  Insert  Clutch 
[  Cork  Insert  Friction 


NATIONAL  BRAKE  &  CLUTCH  COMPANY 

16  STATE  STREET,  BOSTON 


IS 
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SECTION  3 


Electrical    Equipment 


Machine   Shop  Equipment         -----  Section    I 

Power  Plant   Equipment  .....  Section   2 

Electrical  Equipment  .....  Section  3 

Hoisting   and  Conveying  Machinery.     Power  Transmission       -  Section  4 

Engineering   Miscellany  ,  -  .  .  .  Section  5 

Directory  of  Mechanical   Equipment  ...  Section  6 


Type  "MT"  Direct  Current  (  W 
Mill  Motors  Vc 

Two  important 
points  coniniend= 
ing  Type  "MT" 
Motors  for  heavy 
mill  service  are: 


1st.  The  design  of  the  frame  of  each  Westinghouse  Mill-Type  Motor,  from 
5  to  150  horse  power,  is  identical,  and  of  the  same  heavy,  massive  construction. 

2nd.  The  steel  cut  gears  for  all  sizes  of  motors  have  large  pitch,  liberal 
face,  and  are  of  exceptionally  heavy  design. 

See  Circular  No.   1144 

Westinghouse  Electric  &  Manufacturing  Co.,  Pittsburg,  Pa. 

Sales  Offices  in  all  Large  Cities 


dm- (it  the.innKW   Wo^linshouse  Gas  Engine  Gener.itl'icr  rnil- 
W.iireii  -'lid  Jamestown  Electric  Railway 

A  peculiar  advantage  of  a  Westinghouse  Gas  Power  Plant  is,  that  in  cold  weather, 
when  the  peak  demand  commonly  occurs,  the  engine  is  supplied  with  cold  gas,  and 
therefore  furnishes  its  maximum  power. 

During,  and  subseqent,  to  last  winters  heavy  snow  storm  in  the  vicinity  of  Warren,  Pa.,  all 
roads,  including  steam  and  electric  lines,  were  forced  to  abandon  service  with  the  exception  of  the 
Warren  &  Jamestown  Electric  Railway.  This  road  is  served  by  a  generating  station  at  Stoneham, 
Pa.,  which  includes  three  Westinghouse  horizontal  single  tandem  gas  engines,  two  500  KW.  and  one 
750  K.W.  Capacity.  The  motor  equipment  of  the  cars  not  only  increased  in  capacity  due  to  better 
cooling,  but  the  gas  engines  likewise  increase  in  capacity  owing  to  the  cold  weather,  by  gas  going 
over  to  the  engines  at  a  lower  temperature,  effecting  better  cylinder  filling  and  consequently  pro- 
ducing more  power. 


THE 


WESTINGHOUSE    MACHINE    COMPANY 

PITTSBURG.  PA. 


The  ^  Flow  Meter  Aids  Steam 
Plant  Operation  in  Seven  Ways 


It  records  the  total  amount  of  steam  generated  by  a 
battery  of  boilers. 

It  enables  equalization  of   the   load   on   individual 
boilers. 

It  detects  internal  leaks  and  deterioration  of  boilers. 

It  determines  the  efficiency  of  stoking. 

It  locates  losses  between  boilers  and  points  of  con- 
sumption. 

It  records  the  total  amount  of  steam  delivered  to 
any  department. 

It   records   the   amount   of   steam   sold  for  power, 
heating  or  manufacturing  purposes. 

Any  one  of  the  many  uses  of  the  G-E  Flow  Meter  makes 
it  worth  while  to  equip  your  plant  with  this  device. 

Simple  in  Operation: 
Thoroughly  Practical 

The  G-E  Flow  Meter  operates  on  the  well-known  principle 
of  the  Pitot  tube.  The  pressure  due  to  velocity  head  is  meas- 
ured, and  in  this  way  the  exact  rate  of  steam  flow  is  deter- 
mined. No  steam  enters  the  meter.  There  can  be  no  friction 
error — there  are  no  parts  to  wear  or  get  out  of  adjustment. 

A  G-E  Flow-j\Ieter  can  be  attached  to  any  steam  pipe  by 
simply  tapping  a  hole  and  inserting  the  proper  sized  plug. 
One  meter  can  be  used  for  any  diameter  of  pipe. 

A  complete 
description  of 
the  G-E  Flow 
Meter  is  con- 
tained in  Bul- 
letin 4720-C. 
_A  postal  brings 
it  to  you. 


Install  this  Recording  Steam  Flow 
Meier  anywhere  you  wish  below  the 
level  of  the  point  at  which  the  flow 
is  to  be  measured,  and  you  can  have 
a  permanent  and  continous  record 
of  the  steam  flow  for  every  minute 
of  the  day. 


The  portability  of  the  Indicating 
Steam  Flow  Meter  makes  it  service- 
able for  locating  leaks  or  taking  in- 
stantaneous readings  anywhere  about 
the  plant.   Weight  25  lbs. 


For  Pulsating  Flow 

Such  as  occur  in  operating  reciprocating  engines, 
pumps,  etc.,  receiver  capacity  safhcient  to  produce 
continuous  flow  at  the  point  of  installation  is  necessary 
unless  the  meter  can  be  recalibrated  after  it  is  installed. 
To  recalibrate  the  meter  for  this  condition,  a  water  rate 
test  must  be  run  on  the  unit  consuming  the  steam.  We 
will  be  pleased  to  advise  you  if  the  G-E  Flow  Meter 
can  be  adapted  to  your  particular  condition. 


General  Electric  Company 

Largest  Electrical  Manufacturer  in  the  World 
Sales  Ofl'ices  in  all  Large  Cities 

Principal  Office:  Schenectady,  N   Y. 


r. 


ALLIS-CHAIMEIS  GO 


ALLIS-CHALMERS 
GAS    ENGINES 


Require  no  preliminary  period  of  grooming 
and  experimentation. 

Write  for  information 


General  Offices 


Milwaukee,  Wisconsin 


irE"c\%",l  GENERATORS 

DIRECT  CURRENT  FOR    LIGHT  AND   POWER 

I4    Kw.  to  1000   Kw. 


Reduce  expense, 
are  of  high  effici- 
ency, best  materials 
and  workmanship. 


Wluj    not    send  for 
BULLETIN  11060? 


Sprasuo  Electric  400  Kw.  Generator 
In  Plant  of  Standard  Bleachery  Co.,  Carlton  Hill,  N.  J. 


SPRAGUE     ELECTRIC    COMPANY 

General   Offices:  527-531    West  34th  Street,  NEW  YORK 

BRANCH   OFFICES   IN   PRINCIPAL  CITIES 


Shop  Management 

Papers  read  before 

The  American  Society  of  Mechanical  Engineers 
from   1890  to  1909 

The  Society  has  a  limited  number  of  copies  of  papers  on  Shop 
Management  which  have  been  presented  before  it.  Orders  will  be 
filled  until  the  supply  is  exhausted. 

Price 
Vol.     No.  List 

23—928     Bonus  System  of  Rewarding  Labor,  H.  L.  Gantt ...      .20 
8—239     Capital's  Need  for  High-Priced  Labor,  W.  E.  Part- 
ridge  20 

24 — 998     Drawing  Office  Equipment,  John  McGeorge 20 

5—143     Drawing  Office  System,  H.  R.  Towne 10 

24 — 965     Gift  Proposition  for  Paying  Workmen,  F.  Richards.       20 
24-1002     Graphical    Daily    Balance    in  Manufacture,   H.   L. 

Gantt 20 

25-1012     Is    Anything    the    Matter  Avith   Piece    Work?     F. 

Richards 20 

24-1001     Machine   Shop    Problem,  C.  Day 20 

18—711     Method  of  Determining  Selling  Price,  H.  M.  Lane.  .      .20 

18—739     Method  of  Shop  Accounting,  H.  M.  Lane 10 

25-1011     Modifying  System  of  Management,  H.  L.  Gantt.  .  .        10 

16—647     Piece  Rate  System,  F.  W.  Taylor 30 

12 — 449     Premium  Plan  of  Paying  for  Labor,  F.  A.  Halsey 20 

8—256     Problem  in  Profit  Sharing,  Wm.  Kent 30 

24-1003     Shop  Management,  F.  W.  Taylor 90 

25-1010     Slide  Rules  for  the  Machine  Shop,  C.  G.  Barth 20 

27-1115     History  of  a  System  of  Shop   Management,  J.   M. 

Dodge 10 

30-1221     Training  Woikmen,  H.  L.  Gantt 10 

$4.00 

$4.00  for  the  set.  

Member.?'  rates  are  half  the  list  price. 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 
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P<?wer   Plant   Equipment          .               .               .               -               .  Section  2 

E  ectrical   Equipment                 ....               .  Section  3 

H    isting   and  Conveying    Machinery.     Power  Transmission      -  Section  4 
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THE    OVERHEAD   WAY 

WITH  an  Electric  Triplex  Hoist  swung  from 
a  trolley  one  man  can  handle  more  coal  and 
ashes  in  a  day  than  by  any  other  method. 
A  push  on  the  switch  enables  him  to  lift  a 
load  that  he  never  could  handle  by  hand. 

He  can  then  push  it  to  its  destination— some- 
thing he  also  could  never  do  with  the  same  load 
on  a  truck  or  barrow. 

The  Electric  Triplex  Hoist  has  effected  the 
greatest  revolution  in  load  lifting  and  moving 
since  the  wheel  was  first  invented. 

We  have  a  book  about  Electric  Hoists 
which  we  should  like  very  much  to  send  you. 
All  we  ask  is  your  name  on  a  post  card. 

[4  styles:  Differential,  Duplex,  Triplex,  Electric. 
Chain    i  42  Sizes:  One-eighth  of  a  ton  to  forty  tons. 
Blocks     300  Active  Stocks  ready  for  instant  call  all  over  the 
The  Electric  Triplex  Hoist  ^     United  States. 

The  Yale  &  Towne  Mfg.  Company 


Makers  of  Yale  Products 

LocIls,  Padlocks,  Builders'  Hardware, 
Doc    Checks    and    Chain    Hoists. 


CfAiD 


9  ]\Iurray  St.,  New  York 

Chicago,  Washingtrn,  San  Francisco, 
Boston,    London,    Fsris.    Hamburg. 


OTIS  ELEVATORS 

ALL  TYPES 

FOR  EVERY  KIND  OF  SERVICE 

Otis  Elevator  Company 

OFFICES 
IN  ALL   PRINCIPAL  CITIES   OF  THE  WORLD 
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Mead  -  Morrison 

Manufacturing  Company 


NEW  YORK 


BOSTON 


CHICAGO 


THE  Mead-Morrison  Orange  Peel 
Grab  combines  a  minimum  of 
working  parts  with  maximum  durability, 
efficiency  and  capacity.  The  period  of 
its  service  is  prolonged  indefinitely 
through  the  use  of  renewable  bronze 
bushings  and  renewable  steel  digging 
points.     Its  use  is  a  permanent  economy. 

Mead-Morrison  Grabs  are  also  made 
in  Clam  Shell  and  Special  Types. 

Correspondence  invited. 

Works  and  General  Offices,  Cambndge,  Massachusetts 


New  York 

Chicago 

Baltimore 


140  Broadway 
Monadnock  Block 
I  Equitable  Building 
Montreal 


Pittsburg  -  712-713  Machesney  Building 
San  Francisco  -  -  -  Metropolis  Building 
New  Orleans    -    -      no  North  Peters  Street 

2S6  St.  James  Street 


Jeffrey 
Elevators 

are  adapted  for  all  practi- 
cable requirements* 

This  Jeffrey  Bucket  Ele'bator  is  95 
ft,  high,  capacity  750  tons  per  hour, 
handling  crushed  stone. 

Write  today  for  booklet  K34,  it  describes 
styles    for    various    classes     of    work. 

THE  JEFFREY  MANUFACTURING  COMPANY 

COLUMBUS, OHIO 

Chicago  Denver  Boston 

St.  Louis  Pittsburg  New  York 


Conveyor    Belt    User 

Have  you  had  trouble  with  the  Edge  of  Your  Belt? 

Does  it  come  loose,  peel,  break  off,  or  wear  away  ? 

Then  let  your  next  belt  be  a 


Goodrich 
Conveyor 
Belt 


Edge  Construction— Qoodrich  Conveyor  Belt 


This  is  the  best  edge  ever  put  on  a  conveyor  belt.  Notice  how  the 
top  cover  is  carried  around  into  the  back  cover  without  leaving  a  thin 
corner  to  break  loose.  No  square  corners  to  catch.  No  molded  edge 
to  peel  off.  The  edge  is  formed  by  a  special  process  of  our  own  and 
is  vulcanized  before  the  rest  of  the  belt  so  that  the  adhesion  of  the 
corner  around  the  edge  is  as  perfect  as  elsewhere.  This  edge  cover 
stays  on  until  worn  off  and  thus  protects  the  fabric  from  the  entrance 
of  moisture  which  quickly  deteriorates  the  whole  belt  and  causes  the 
thick  top  cover  to  peel  off.     We  make  a  good  belt  with  a  real  edge. 


The  B.  F. 


Goodrich  Company 

Akron,  Ohio 


THE 

STANDARD 

WIRE 

ROPE 


OF  INTEREST  TO   AUTHORS 


SCHOOL  OF  LATIN 


University  of  Virginia 

Charlottesville,  Va. 

Qth  Sept.,  1909 


Messrs.  Williams  &  Wilkins  Co. 
2427-2429  York  Road 

Baltimore 

Dear  Sirs: — Your  completed  set  up  on  the  Sacred  Tripudium  is  an 
admirable  piece  of  accurate  and  beautiful  printing.  I  have  had  almost 
nothing  to  do  in  running  the  job  through;  and  yet  the  extreme  difficulties  of 
the  task  would  naturally  have  called  for  much  correction  from  me.  You 
are  to  be  highly  congratulated  on  the  efficiency  of  your  staff.  I  don't  believe 
4.U —  .-„  „  c .•_  A •  ygj.y  ^|.^jy  yours,  Thomas  FitzHugh. 


there  is  a  finer  one  in  America. 


WAVERLY  PRESS,  williams &  wilkins co..  BALTIMORE,  MD. 
YEAR   BOOKS 

The  Society  wishes  to  have  a  file  of  year  books  or  catalogues  complete 
since  its  formation.  Will  members  who  have  any  of  the  following 
numbers  either  send  them  to  the  Society  or  correspond  with  the  Secretary 

No.   2,   1881  No.     6,   1885  No.   13,   1892,  July 

No    3,   1882  No.     7,   1886  No.   14,   1893,  January 

No.  5,    1884  No.    12,   1891,  July  No.   14,   1893,   July 

The  American  Society  of  Mechanical  Engineers 
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THE 


NOT 

IN  THE 

lTRUST 


HJREEDY 

CINCINNATI.  O. 

ELEVATORS 


COMPANY 
INC. 


EVERY  TYPE 


CLYDE 


High  Grade   Hoisting  Engines 

have  steel  gears  and  ratchets. 

They  have  extra  heavy  shafting  and  long  bearings. 

Frictions  are  positive.     Connecting  rods  have  solid 

ends.     Boilers  have  large  heating  capacity  and 

securely  anchored.  Ask  for  Catalogue. 

CLYDE  IRON  WORKS 


DULUTH,  MINN. 

VH,  GA.       CHICAGO,   ILL.       NEW  ORLEANS,  LA. 


DIAMOND  CABLE  CHAIN  CAN'T  BE  BEAT  FOR  COUNTERWEIGHTING 

D  i  a  m  o  n  d  Cable 
Chain  forms  a  light, 
compact  and  depend- 
able connection  for 
counterweighting  o  r 
w  e  i  g  h  t  -  o  p  e  r  a  t  e  d 
mechanism  of  any 
kind.  There  is  noth- 
ing better  for  suspend- 
ing the  head  on  ver- 
tical drill  presses  , 
boring  mills,  planers, 
etc.,  feed  weights  on 
special  machinery, 
for  operating  car 
doors,  and  in  any 
place  where  cable  or 
wire  rope  wears 
quickly  in  operating 
over  small  pulleys. 

We  maintain  the 
same  high  standard  in 
this  product  as  in  our 
Diamond  power  trans- 
mission chains. 

WRITE  FOR  CATALOG 

DIAMOND  CHAIN  d,  MFG.  CO. 

259   W.    GEORGIA  ST,  INDIANAPOLIS,    IND, 

Capacity  8,000,000  feet  per  year 
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ALLIANCE    CRANES    AH    Types 

Also  Rolling 
Mill  and 
Hydraulic 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Converting  Machinery,  etc. 

THE  ALLIANCE  MACHINE  CO.  Alliance,  Ohio 

Pittsburg  Office,  Frick  Building.  Birmingham  Office,  Woodward  Building 


ELECTRIC   TRAVELERS 
.All  Types  for   Every  Service 


COMPLETE  EQUIPMENT 

AND  Cranes  op  All  Kinds  for 
GREY  IRON,  STEEL  AND  MALLEABLE 

FOUNDRY  PLANTS 

Buildings  designed  and  furnished.  Equip- 
ment installed  and  operated.  Plant, 
delivered   to    purchasers   ready  to    run. 

Whiting  Foundry  EqiipmentCo. 

Manufacturers,  Engineers,  Designers 
HARVEY,  ILL.  (Chicago  suburb) 


Safety  to  Employees  given  Especial 


Consideration  in  All  Our  Designs 


You    get    the    acme    of    Crane 
quality     when    you     purchase 

NORTHERN  ENGINEERING  WORKS, ^i^T^^'t. 


NORITIERN 
CRANES! 


DO  YOU  KNOW 


that  there  have  been  many  instances  in  the  Mechanical 
and  Electrical  field  where  machines  or  devices  were 
found  impossible  of  practical  or  commercial  construction 
because  of  bearing  troubles  and  in  many  instances  these 
difficulties  have  been  entirely  overcome  by  the  use  of 
ball  or  roller  bearings-  Can  we  assist  you? 

STANDARD    ROLLER    BEARING    COMPANY 

PHILADELPHIA,  PA. 


ADVERTISING      SUPPLEMENT 


SECTION  5 


Engineering   Miscellany 


Machine  Shop  Equipment       -----  Section    I 

Power  Plant   Equipment          -----  Section  2 

Electrical   Equipment                 -----  Section  3 

Hoisting   and  Conveying   Machinery.     Power  Transmission      -  Section  4 

Engineering   Miscellany            ...               -               -  Section   5 

Directory  of  Mechanical   Eijuipment                .              -              -  Section  6 
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The  Vibracone  is  a  dustless^separator  for  use  on  Cempnt,  Clay,  Ores,  Fertilizer, 
Phosphates,  and  manyothersubstances  requiring  a  clean,  uniform,  separation  from 
3  to  100  meshes  per  inch.  The  material  Is  received  into  a  hopper  in  the  upper  part 
of  the  machine,  falls  on  a  revolving  steel  disc  distributor,  from  whence  it  falls  on 
the  vibrating  screening  surface.  This  screening  surface  consists  of  8  sections  of 
steel  or  brass  wire  set  at  the  proper  angle  to  secure  the  best  results.  The  vibrating 
mechanism  is  located  just  below  the  distributor,  and  consists  of  chilled  tooth  rat- 
chet plates.  As  the  distributor  revolves,  the  vibrations  given  to  the  screen  are  at 
the  rate  of  600  impacts  per  minute.  The  discharge  spout  is  a  one-piece  casting  with 
two  compartments,  the  fines  coming  out  of  one  spout  and  the  tailings  from  the 
other.  The  entire  machine  is  enclosed  in  a  steel  shell,  making  It  perfectly  dustless. 
The  total  height  of  the  machine  is  8'  9",  total  width  8'  3",  shipping  weight  approx- 
imately 3000  pounds,  and  requires  |  horse  power  to  operate  it  at  full  capacity. 

The  Vibracone  has  the  largest  capacity  of  any  screening  machine  yet  designed. 
It  was  Invented  by  a 
practical  engineer,  and 
has  been  in  use  for  years 
In  several  of  the  largest 
cement  plants  in  this 
country.  It  has  also  de- 
monstrated itsefficiency 
as  a  separator  for  lime 
and  many  other  mate- 
rl.als. 

Special  features  of 
the  Vibracone  are  1st: 
large  capacity,  2nd:  per- 
fect distribution,  3rd: 
large  screening  surfaces, 
4th:  it  is  a  dustless  sepa- 
rator, 5th:  it  is  of  most 
substantial  construction, 
being  made  entirely  of 
steel  and  iron.  It  is  the 
most  practical  and  dur- 
able separator  yet  in- 
vented. 

The  Vibracone  is  described  in  our  672  page  catalog  of  Conveying  and  Screening 
Machinery— sent  free  on  request. 

STEPHENS-ADAMSON  MFG.  CO.,  Auroro,  III. 
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Simplex  and  Duplex 
'To  be  Simple  is  to  be  Great" 


American  Service  Pumps 

are  ideal  for  intermittent  service. 
Ttiey  cannot  short  stroke,  race 
or  pound  and  can  be  adjusted  to 
suit  conditions.  We  guarantee 
very  low  steam  consumption  and 
minimum  cost  for  repairs. 

American  Steam  Pump  Company 

Battle  Creek,  Michigan 

Write  for  Bulletin  No.  S27  B 


GOULDS 

TRIPLEX  POWER  PUMPS 

When  in  the  market  for   Pumping    Equipment 
look    up  our   line.     They  are    absolutely    the  most 
efficient  Pumps  on  the  market  to-day. 

Write  for  complete  Catalog 

THE  GOULDS  MFG.  CO. 

78  W.  Fall  Street                       Seneca  Falls,  N.  Y. 
Branches  in  all  large  cities 

r  m^ '  ~^ 

1 

CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all   Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &HUBBELL,  Agents,  61-69  N.  Jefferson 

Street,  Cliicago,  111. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 
New  York  Office,  139-41  Cortlandt  Street 


THE      VENTURI      METER 

AN  ACCURATE  DEVICE  FOR  MEASURING 
HOT  AND  COLD  WATER 

The  Indicator-Recorder  contains  two  dials.  One  indicates  the  rate  of  flow. 
The  other  makes  a  continuous  record  of  this  rate  on  a  circular  chart  paj)cr  about 
12  inches  diameter  which  is  usually  changed  each  day.  This  chart  shows  the  rate  of 
flow  at  every  hour  of  the  day  or  night,  and  indelibly  records  every  fluctuation  in 
same.  The  total  amount  passing  through  the  Meter-Tube  in  any  given  time  can  be 
quickly  determined  from  the  chart  by  means  of  a  special  Planimeter. 

BUILDERS     IRON     FOUNDRY,     providence,  r.  i. 
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ADVERTISING     SUPPLEMENT 


SECTION  6 


DIRECTORY 

OF 

MECHANICAL 
EQUIPMENT 


A  concise  reference  list  of  Machine  Shop,  Power  Plant  and 
Foundry  Equipment;   Pumping  Machinery;   Power 
Transmission  Machinery;   Electrical  Appa- 
ratus;   Hoisting    and    Conveying 
Machinery  and  allied  lines. 


MACHINE  SHOP  EQUIPMENT 


MACHINE  SHOP  EQUIPMENT 


BUTTERFIELD  &  CO. 

DERBY  LINE,  VT.  ROCK  ISLAND,  P.  Q. 

Manufacturers  of  Taps,  Dies,  Screw  Plates,  Stocks  and  Dies,  Tap 
Wrenches,  and  all  Thread  Cutting  Tools.  Our  goods  are  not  surpassed  by 
any  in  the  world. 


TAPS 

and 
DIES 


THE  CAKBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  Grinding  Wheels  for  every  possible  grinding  need.  Sharpening  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Grains  and  Powders,  and  Garnet  Paper. 


CARBORUNDUI 
PRODUCTS 


THE   J.    M.    CARPENTER  TAP 

PAWTUCKET,  R.  I. 
Carpenter's  Tools  for  cutting  Screw  Threads,  Taps, 
Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38 
and  38  years  in  the  lead. 

& 

Dies 
j'ears 

DIE  CO. 

,  Screw  Plates, 
on  the  market 

TAPS 
and 
DIES 


CINCINNATI  GEAR  CUTTING  MACHINE  CO. 
CINCINNATI,  O. 
Our   Automatic   Spur  Gear  Cutting  Machines  exceed  in   power  and 
capacity  and  equal  in  accuracy  any  machines  of  their  type  made. 


GEAR 

CUTTING 

MACHINES 


THE    CINCINNATI    SHAPER    CO. 

CINCINNATI,  O. 

We  manufacture  the  most  complete  line  of  Shapers  made,  including 
Plain  Crank,  Back  Geared  Crank,  Geared  Rack,  Open  Side  and  Traverse 
Shapers,  as  well  as  Crank  Planers. 


SHAPING 
MACHINES 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground  after  being  hardened.  It  is  also  the 
fastest  machine  on  the  market  by  25  to  50%.     Literature  gives  reasons  in  detail. 


GEAR 
SHAPERS 


THE  GARVIN  MACHINE  COMPANY 


137  Varick  St. 


NEW  YORK  CITY 


Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  Cut- 
ter Grinders,  Automatic  Chucks,  etc. 
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MILLING 
MACHINES 


MACHINE  SHOP  EQUIPMENT 


NOISELESS' 
RIVETING 
MACHINES 


THE  GRANT  MANUFACTURING  &  MACHINE  CO. 
BRIDGEPORT,  CONN. 

Send  to  us  your  samples  and  we  will  rivet  them  with  our  Noiseless,  Blowless, 
Spinning  Process,  and  return  to  you  free  of  charge,  giving  rate  of  production  which 
is  usually  more  rapid  than  one  per  second. 


HOLLOW 

SET 
SCREWS 


HAMMACHER,   SCHLEMMER  &  CO. 

New  York,  since  1848  -tth  Avenue  and  13th  Street 

Hardware,  Tools  and  Supplies 
Including  Hollow  Set  Screws.     See  special  advertisement  under  "Ma- 
chine Shop  Equipment." 


TURRET 
LATHES 


JONES  k  LAMSON  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


HEAVY  DUTY 

BORING 

MILLS 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 
Vertical  Turret  Machines,  28"  and  34".     Vertical  Boring  and  Turning 
Machines,  42"  to  84",  inclusive. 


LATHES 

MILLING 

MACHINES 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,    OHIO. 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines. 
They  are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the 
cutting  tool.     It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MACHINE 

TOOLS 

ENGINEERING 

SPECIALTIES 


MANNING,  MAXWELL  &  MOORE, 

SINGER  BUILDING,  NEW  YORK 


Inc. 


Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world  and  carry  in  stock  the  product  of  the  foremost  designers  of  the 
many  branches  of  machine  tool  building  in  the  United  States. 


DRILLS 

GRINDERS 

CENTERING 

AND  TAPPING 

MACHINES 


NATIONAL   MACHINE   COMPANY 

HARTFORD,  CONN. 

Sensitive  Drills,  1  to  10  Spindles;  Reamer  and  Surface  Grinders;  Cen- 
tering and  Tapping  Machines.  All  kinds  of  Universal  Printing,  Embossing, 
and  Cutting  and  Creasing  Machines.     Send  for  catalogue. 


BOLT  AND 

NUT 

MACHINERY 


THE   NATIONAL   MACHINERY   CO. 

TIFFIN,  OHIO 
We  build  a  complete  line  of  Bolt  and   Nut  Machinery,   including   Bolt  Cutters 
(threaders).   Bolt  and  Rivet  Headers,  Upsetting  and  Forging  Machines,  Hot  Pressed 
Nut  Machines,  Nut  Tappers,  Washer  Machines,  Wire  Nail  Machines  and  Lag  Screw 
Gimlet  Pointers. 
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MACHINE  SHOP  EQUIPMENT 


THE  NEW  PROCESS  RAW  HIDE  CO. 

SYRACUSE,  N.  Y. 

Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately- 
cut  Metal  Gears  of  all  kinds. 


PINIONS 

AND 

GEARS 


NILES-BEMENT-POND   CO. 

Ill  Broadway  NEW  YORK 

Metal  "Working  Machine  Tools,  all  kinds  and  sizes.  Niles  Cranes,  2  to 
200  tons  capacity.  Hydraulic  Macliinery.  Steam  and  Drop  Hammers. 
Small  Tools  and  Gauges.     Catalogs  mailed  upon  request. 


MACHINE 
TOOLS 
CRANES 


RUSSELL,   BURDSALL  k  WARD  BOLT  &  NUT  CO. 

PORT  CHESTER,  N.  Y. 

Manufacturers  of  the  finest  grade  of  Bolts  and  Nuts  for  automobiles, 
machinery  and  engineering  work. 


BOLTS 

AND 
NUTS 


THE  STANDARD  TOOL  CO. 

CLEVELAND,  OHIO  94  Reade  St.,  NEW  YORK 

Twist  Drills,  Countersinks,  Chucks,  Sockets,  Emery  Wheel  Dressers, 
Wire  Gauges,  Reamers,  Taps,  Screw  Cutting  Dies,  Milling  Cutters,  Taper 
Pins. 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

-'300  Farmers'  Bank  Bldg.  PITTSBURG,  PA. 

Manufacturers  of  High-Speed  Steam  Hydraulic  Forging  Presses. 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Press- 
ing.    100  to  12,000  tons  capacity. 


TWIST  DRILLS 

REAMERS 

CUTTERS 

TAPS 


STEAM 

HYDRAULIC 

FORGING 

PRESSES 


WALTHAM  MACHINE  WORKS 

WALTHAM,  MASS. 
Our  Bench  Lathes  swing  8",  will  take  |"  rod  through  the  chuck  and  the  workman- 
ship is  of  the  highest  watch  machine  standard.     It  is  a  necessity  in  the  modern  tool 
room.    Catiilog    for  those  interested.     Also  makers  of   Automatic    Precision    Bench 
Machinery. 


PRECISION 
BENCH 
LATHES 


THE  WARNER  &  SWASEY  COMPANY 

New  York  CLEVELAND  Chicago 

We  offer  a  most  complete  line  of  high-grade  Turret  Lathes  for  produc- 
ing work  accurately,  rapidly  and  economically.  Our  catalog,  which  describes 
these  machines  fully,  will  be  mailed  on  request. 


TURRET 
LATHES 


AYILEY  &  RUSSELL   MFG.   CO. 

GREENFIELD,  MASS. 
Manufacturers  of  the  well-known   Lightning  "Machine   Relieved"  Taps,  Green 
River  and  Lightning   Screw  Plates;   Adjustable  Screw  Thread  Cutting  Dies;  Spiral 
Fluted  Reamers;  Opening-Die  Bolt  Cutters,  etc.     Send  for  catalogue  34X. 
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SCREW  PLATES, 
TAPS, 
REAMERS. 
BOLTCUTTERS 


STEAM    ENGINES  AND    BOILERS 


STEAM   ENGINES  AND   BOILERS 


WATER    TUBE 
BOILERS 


ENGINES 


ALMY  WATER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 

.  Manufacturers  of  Alniy  Patent  Sectional  Water  Tube  Boilers  for  steamshios 
river  steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  lire  boats!  itSes' 
Donkey  BoUers  for  steamships  and  for  all  kinds  of  stationary  Work  '-luncnes. 


AMERICAN   ENGINE   CO. 

42  Raritav  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American  Ball  An-le  Compound  Engines.  AnRle  com- 
pound, 80  to  1,000  h.  p.;  double  angle  compound,  160  to  2,000  h.  p.;  four 
cylinder  triple,  120  to  1,600  h.  p.  ,  y.. 


WATER  TUBE 
BOILERS 


STEAM 
ENGINES 


ENGINES 
STEAM  AND  GAS 


THE  BABCOCK  &  WILCOX  COMPANY 

85  Liberty  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

^^J*"??'"^  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with 

non-detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  duty,  superior  in  regu- 
lation.    Buckeye  I  our-Stroke  Cycle  Gas  Engine,  single  and  double-acting 
m  powers  from  50  to  6000  h.  p.  ^' 


STEAM 
BOILERS  AND 

ENGINES 

FEED-WATER 

HEATERS 


WATER-TUBE 
BOILER 


ERIE  CITY  IRON  WORKS 

ERIE,  PA, 
Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portable 
open  bottom  portable  and  vertical  tubular.     Engines:  four  valve,  enclosed  high  speed 
automatic,  center  crank,  side  crank,  portable.     Feed-Water  Heaters  from  .'5  to  600  h  p' 


FRANKLIN  BOILER  WORKS  CO. 

TROY,  N.  Y. 

Sales  Office:  3!»  Cortlandt  St.,  NEW  YORK 

wrouSsteet"Tn' /^  '^\  ^'■''"''^'"  Water-Tube  Boiler.     Built  entirely  of 
wrought  steeL^rge  grate  service,  steam  space  and  forcing  capacity. 
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STEAM   ENGINES  AND   BOILERS 


HARRISBURG  FOUNDRY  &   MACHINE  WORKS 
HARRISBURG,    PA. 

Manufacturers  of  Fleraing-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


STEAM 
ENGINES 


HEINE  SAFETY  BOILER  CO. 

ST.  LOUIS,  MO. 

Heine  Water  Tube  Boilers  and  Superheaters,  manufactured  in  units  of 
from  50  to  600  H.  P..  will  materially  reduce  power  plant  expense. 


WATER 

TUBE 

BOILERS 


HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 
Makers  of  improved  Patent,  Double  Port  Corliss  Engines,  Heavy  Duty 
or  Girder  Frame,   Simple  or   Compound,  having  our  new  Franklin  High- 
speed Liberating  Valve  Gear. 


STEAM 
ENGINES 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO. 
Manufacturers  of   Hamilton  Corliss   Engines,   Hamilton  High  Speed 
Corliss    Engines,    Hamilton    Holzwarth    Steam    Turbines,    Special    Heavy 
Castings. 


ENGINES 
TURBINES 
CASTINGS 


A.  L.  IDE  &  SONS 

SPRINGFIELD,  ILL. 

The  Ideal  Engine.     Built  for  all  power  purposes. 

in  simple  and  com- 

pound  types. 

1 

STEAM 
ENGINES 


MURRAY   IRON   WORKS    CO. 

BURLINGTON,  lA. 

Manufacturers  of  the  Murray  Corliss  Engine  and  Murray  Water  Tube 


Boiler. 


ENGINES 
BOILERS 


PROVIDENCE  ENGINEERING  WORKS 

PROVIDENCE,  R.  I. 
Rice   &    Sargent    Higher   Speed    Corliss    Engines,    Improved   Greene 
Engines,  Providence  Gas  Engines  and  Gas  Producers,  Providence  Steam 
Turbines,  Automobile  Motors  and  Parts,  Special  Machinery. 


STEAM   AND 

GAS  ENGINES 

GAS 

PRODUCERS 

STEAM 

TURBINES 


RIDGWAY  DYNAMO   AND  ENGINE  CO. 

RIDGWAY,  PA. 

Ridgway  Engines;  four-valve,  cross  compound,  belted,  single-valve, 
tandem  compound,  direct  connected.  Ridgwaj  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 
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ENGINES 
GENERATORS 


BOILERS 


STEAM  ENGINES  AND  BOILERS 


ROBB-MUMFOKD   BOILER 

SOUTH  FRAMINGHAM,  MASS. 

131  State  St.,  BOSTON  90  Wei 

Robb-Mumford  Internally  Fired  Boiler,  Water  Tube, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


CO. 


t  St.,  NEW  YORK 
Return  Tubular, 


TURBINES 

ENGINES 

GAS 

PRODUCERS 

CONDENSERS 

STOKERS 


THE  WESTINGHOUSE  MACHINE  CO. 

EAST  PITTSBURG,  PA. 

Designers  and  builders  of  Steam  Turbines,  Steam  Engines,  Gas  En- 
gines, Gas  Producers,  Condensers  and  Mechanical  Stokers. 


ENGINES 

AIR 
COMPRESSORS 


WISCONSIN    ENGINE   COMPANY 

CORLISS,  WIS. 
Corliss   Engines,    Air   and    Gas   Compressors,    High    Duty   Pumping 
Engines,  Blowing  Engines,  Rolling  Mill  Engines,  "Complete  Expansion" 
Gas  Engines. 


GAS  ENGINES  AND  GAS  PRODUCERS 


GAS 
ENGINES 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Gas  Engines  to  operate  on  producer  gas,  natural  gas 
furnace  gas,  capacities  from  300  to  5000  B.H.P. 


GAS  ENGINES 

AND 

PRODUCERS 


THE  BRUCE-MACBETH  ENGINE  CO. 

Successors  to  THE  BRUCE-MERIAM-ABBOTT  COMPANY 
2116   Centre  St.,  N.  W.     CLEVELAND,  O. 
Vertical  Gas  Engines,  Two  and  Four  Cylinders.     For  natural  or  pro- 
ducer gas.      15  to  300  H.  P.     Economy,  reliability  and  simplicity  unex- 
celled. 


REFRIGERATINQ 

and 

ICE    MAKING 

MACHINERY 

OIL   AND    GAS 

ENGINES 


DE  LA  VERGNE  MACHINE  COMPANY 

Foot  of  E.   138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity;  Oil 
Engines  up  to  250  B.  H.  P.;  Gas  Engines  75  to  2400  B,  H.  P. 


WATER  TUBE 
BOILERS 


SPEEDWAY 
GAS    ENGINES 


GAS  ENGINE  AND  POWER  CO. 

and 
CHARLES    L.    SEABURY   &    CO. 

Morris  Heights,  Consolidated  NEW  YORK   CITY 

Manufacturers  of  Seabury  Water  Tube  Boilers,  Marine  Steam  Engines  and  Speed- 
way Gasolene  Engines.     Also  Yaeht  and  Launch  Builders. 
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GAS  ENGINES  AND  GAS   PRODUCERS 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 

128-138  MoTT  St.,  NEW  YORK 

Oil  Engines,  Marine  and  Stationary,  9-400  h.p.,  100,000  h.p.  in  oper- 
ation. Direct  coupled  or  belted  to  Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 


OIL 
ENGINES 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  h,  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


GAS    ENGINES 

AND 

PRODUCERS 


STKUTHERS- WELLS  COMPANY 

WARREN,  PA. 

Warren  Vertical  and  Tandem  Gas  Engines  and  Section  Gas  Producers  have  heavy 
overload  capacity,  close  regulation,  positive  lubrication,  positive  circulation  of  cooling 
water.  No  joints  between  combustion  chamber  and  water  jackets.  All  valve  cages 
removable. 


GAS     ENGINES 

AND 

PRODUCERS 


POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


AMERICAN  INJECTOR  COMPANY 

DETROIT,  MICH. 
U.  S.  Automatic  Injectors,  Ejectors,  Jet  Pumps,  Drive  Well  Jet  Pumps, 
Exhaust  Injectors,  Fire  Plugs,  Grease  Cups,  Oil  Cups,  Oil  Pumps,  Water 
Gages,  Gage  Cocks,  lubricating  devices  and  other  steam  specialties. 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 

BOSTON,  MASS.  Established  1851 

Presssure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  loco- 
motive use.  The  American  Thompson  Improved  Indicator  with  new  improved  detent 
motion. 


INJECTORS 


VALVES 

GAUGES 

INDICATORS 


THE  ASHTON  VALVE  CO. 

BOSTON  NEW  YORK  CHICAGO 

Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 

Off  Valves,  Pressure  and  Vacuum  Gages.     All  of  a  superior  quality  and 

guaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction 


VALVES 
GAGES 


BRIDGEPORT  BRASS  CO. 

BRIDGEPORT,  CONN. 
Brass  and  Copper  in  Tube,  Wire,  Sheets,  Rods,  etc.     We  make  Con- 
denser Tubes,  both  in  the  brass  and  admiralty  mixtures. 
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CONDENSER 
TUBES 


POWER   PLANT  AUXILIARIES  AND   SPECIALTIES 


RECORDING 
GAUGES 


INSTRUMENTS 


THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 

Bristol's  Recording  Pressure  and  Vacuum  Gauges.  Bristol's  Recording  Ther- 
mometers. The  Wm.  H.  Bristol  Electric  Pyrometers.  Bristol's  Recording  Voltmeters, 
Ammeters  and  Wattmeters.  Bristol's  Recording  Water  Level  Gauges.  Bristol's  Time 
Recorders  and  Bristol's  Patent  Steel  Belt  Lacing. 


INJECTOR 
CONDENSORS 


HENRY  W.   BULKLEY 

ORANGE,  N.  J. 
The  Bulkley  Injector  Condenser  is  guaranteed  to  form  the  best  vacuum 
by  head  of  water  or  by  supply  pump.      In  general  use  on  all  classes  of 
engines. 


VALVES 


CHAPMAN  VALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON       NEW  TOHK       ST.  LOUIS      PITTSBURGH       CHICAGO       PHILADELPHIA       SAN  FRANCISCO 

Brass  and  Iron  Valves  for  steam,  water,  gas,  oil,  etc.     Sluice  Gates. 
Send  for  catalogue. 


STEAM 
APPLIANCES 


CROSBY  STEAM  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

Steam,  Gas,  Hydraulic  Indicators;  Stationary,  Marine.  Locomotive  Safety  Valves; 
Gages  for  all  purposes;  Recording  Instruments:  Cliime  Whistler;  Sight  feed  Lubrica- 
tors; Globe  and  Angle  Valves.  Iron  and  Brass,  for  high  pressures;  Blow-off  Valves;  Gage 
Testing  Instruments;  Boiler  Testing  Instruments;  Planimeters  and  other  specialties. 


BOILER 
WATER 

TREATMENT 
BOILER 

COMPOUND 


DEARBORN  DRUG  &  CHEMICAL  WORKS 

General  Offices  and  Laboratories:  McCormick  Bldg.,  CHICAGO 
Analyze  gallon  samples  of  boiler  waters,  and  furnish  reports  to  steam 
users,  gratis.     Prepare  scientific  water  treatment  for  the  prevention  of  scale, 
corrosion,  pitting,  foaming,  and  all  troubles  caused  from  boiler  waters. 


JOSEPH  DIXON  CRUCIBLE  CO. 

GRAPHITE  JERSEY  CITY,  N.  J. 

PRODUCTS  Miners,  importers  and  manufacturers  of  Graphite,  Plumbago,  Black- 

I   Lead  Pencils,  Crucibles,  Stove  Polish,  Lubricants,  Paints,  and  Graphite, 
Products  of  all  kinds. 


BALANCED 

DRAFT 

SYSTEM 

McLean  Patents 


THE  ENGINEER  COMPANY 

50  Church  St.  NEW  YORK,  N.  Y. 

"Economy"  and  "Increased  Capacity"  obtained  by  the  Upbuilding  of 
Furnace  Efficiency  when  operating  with  the  Balanced  Draft  System. 
(Trade  Mark  "Balanced"  Reg.  U.  S.  Pat.  Office.) 


FEED  WATER 

HEATERS 

STEAM  AND  OIL 

SEPARATORS 

WATER 
PURIFICATION 


HARRISON  SAFETY 

3199  N.   17th  St., 


BOILER  WORKS 

PHILADELPHIA,  PA. 


COCHRANE  Open  Feed  Water  Heaters  Steam  Stack  Heaters  and 
Receivers,  Steam  and  Oil  Separators,  Hot  Process  Water  Softening  Systems. 
Write  for  engineering  leaflets  (Series  4.5)  describing  uses. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


HOMESTEAD  VALVE  MANUFACTURING  COMPANY 

Works:     HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Homestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 


VALVES 


HOPPES  MANUFACTURING  CO. 

47  Jamks  St.  SPRINGFIELD,  OHIO 

Exhaust  Steam  Feed -Water  Heaters,  Live  Steam  Feed-Water  Purifiers, 
Steam  Separators,  Oil  Eliminators  and  Exhaust  Heads.  All  machines 
guaranteed.     Prices,  catalogs  and  blueprints  on  request. 


FEED-WATER 

HEATERS 

PURIFIERS 

STEAM  AND  OIL 

SEPARATORS 

EXHAUST 

HEADS 


THE  HUGHSON  STEAM  SPECIALTY  CO. 

CHICAGO,  ILL. 

Manufacturers  of  Regulating  Valves  for  all  pressures  and  for  steam,  air  and  water. 
The  best  and  only  absolutely  noiseless  Combination  Back  Pressure  and  Relief  Valve. 
Pump  Regulators,  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.  Write 
for  complete  catalogue. 


VALVES 
STEAM  TRAPS 
SEPARATORS 
REGULATORS 


JENKINS  BROS. 

NEW  YORK  BOSTON  PHILADELPHIA  CHICAGO 

Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  Jenkins  Discs, 
Jenkins  '96  Packing,  Jenkins  Bros.  Pump  Valves,  Jenkins  Gasket  Tubing. 
Sole  agents  for  Sellers'  Restarting  Injector.     Catalog  mailed  on  request. 


VALVES 

PACKING 

DISCS 


ROBERT  A.   KEASBEY  CO. 

100  N.  Moore  St.  NEW  YORK  CITY 

Telephone:  6097  Franklin. 
Heat  and  Cold  Insulating  Materials.     Headquarters  for  85%  Magnesia, 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


MAGNESIA 
ASBESTOS 

AND 
BRINE  PIPE 
COVERINGS 


THE  KENNEDY  VALVE  MANUFACTURING  CO. 

ELMIRA,  N.  Y.  37  Beekman  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hydrants; 
Indicator  Valves  for  Automatic  Sprinkler  Equipment. 


VALVES 


LACLEDE-CHRISTY  CLAY  PRODUCTS  CO. 


Main  Office  and  Works 

Manchesterand  Sulphur  Aves, 

St.  Louis,  Mo. 


Branch  Office 
STOKER    DEPT.  448  Com.  Nat.  Bank  Bldg. 

Chicago,  III. 

The  "Laclede-Christy"    Chain    Grates  have   solved   the    problem    of 
economical  boiler  plant  operation.      Catalogue  on  request. 


MECHANICAL 
STOKERS 


THE  LUDLOW  VALVE  MFG.   CO. 

TROY,  N.  Y. 
Manufacturers   of  genuine    Ludlow   Gate   Valves    for   all   purposes. 
Special  Blow-oif  Valves.      Check  Valves.     Foot  Valves.       Sluice  Gates. 
Indicator  Posts.     Fire  Hydrants. 


VALVES 

BLOW-OFF 

VALVES 

IRE  HYDRANTS 


RAILWAY 
SPECIALTIES 
LUBRICATORS 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


McCORD  AND  COMPANY 

CHICAGO  NEW  YORK 

The   McCord   Spring   Dampener.      The   McCord   Journal   Box.      The 
McCord  Draft  Gear.     The  McCord  Force-feed  Lubricator. 


AUTOMATIC 
STOKER 


THE  MODEL  STOKER  CO. 

DAYTON,  O. 
The  Model  Automatic  Smokeless  P'urnace;  an  improved  Boiler  Furnace. 
Can  be  adapted  to  any  of  the  regular  types  of  boilers  and  its   adaption 
varied  to  suit  almost  any  conceivable  conditions. 


VALVES 


MONARCH  VALVE  &  MANUFACTURING    COMPANY 

39  CoRTLANDT  St.,  NEW  YORK  SPRINGFIELD,  MASS. 

Manufacturers  of  Bronze  and  Iron  Bodied  Valves  for  various  pressures 
and  purposes. 


STEAM 
TRAPS 


VALVES 


MOREHEAD    MANUFACTURING    CO. 

DETROIT,  MICH. 


Return,  Non-R 
is  the  original  desit;i 
tury.     For  reliable  and  sal 
trated  descriptive  caUilog 


n  and  Vacuum  Steam  Traps.    The  Morehead  Tilting  Steam  Trap 
liltiiKj  trap,  having  been  on  the  market  for  a  quarter  of  a  cen- 

aitory  service  this  type  of  trap  recommends  itself.    Illus- 

it  on  request. 


NELSON  VALVE  COMPANY 

PHILADELPHIA 
Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  any  temperature.    Our 
new  2-24-page  Valve  Catalogue  sent  free  on  request. 


STEAM 

SEPARATORS 

TRAPS 


W.   H.   NICHOLSON  &  COMPANY 

WILKES-BARRE,  PA. 
The  Wyoming  Automatic  Eliminator  is  a  combination  Steam  Separator 
and  Trap.      It  has  the  capacity  to  handle  floods  as  well  as  ordinary  conden- 
sation.    Write  for  catalogue  on  separators  and  steam  traps. 


INJECTORS 

EJECTORS 

LUBRICATORS 

GREASE  CUPS 

GAUGES 

VALVES 


THE  OHIO  INJECTOR  COMPANY 

WADSWORTH,  O. 

Manufacturers  of  Ohio  Locomotive  Injectors,  Garfield  Injectors  and  Ejectors, 
Ohio  Automatic  Injectors,  Chicago  Automatic  Injectors  and  Ejectors,  Chicago  Sight- 
Feed  Lubricators  for  locomotive  and  stationary  service,  Grease  Cups,  Oil  Cups,  Water 
Gauges,  Gauge  Cocks,  O.  I.  Co.  Valves,  etc. 


SEPARATORS 
FEED-WATER 

HEATERS 
SOFTENERS 


POWER  PLANT  SPECIALTY  COMPANY 

62.5  MONADNOCK  Blk.,  CHICAGO,  ILL. 

Manufacturers  of  the  Vater  Two  Stage  Separator,  Vater  Water  Soften- 
ing System,  Vater  Open  Feed  Water  Heater,  Monarch  Vacuum  Drain 
Trap,  Pressure  and  Gravity  Filters.      Correspondence  solicited. 
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POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


POWER  SPECIALTY  CO. 

Ill  Broadwav  new  YORK 

The  Foster  Patent  Superheater,  saves  feed  water,  condensing  water, 
coal  and  boiler  power. 


SUPERHEATERS 


AVM.   B.   SCAIFE  &  SONS 

COMPANY 

221  First  Ave., 

PITTSBURG,  PA. 

WE-FU-GO  and  SCAIFE  Water  Softening, 

Purifjnng  and  Filtering 

Systems  for  boiler  feed  water  and  all  industrial 

and  domestic   purposes 

WATER 
SOFTENING 
PURIFYING 

and 
FILTERING 
SYSTEMS 


JOHN  SIMMONS  COMPANY 

110  Centre  St.  NEW  YORK 

The  Rothchild  Rotary  Gate  Valve  is  the  only  Valve  made  that  will 
positively  hold  steam,  water,  ammonia,  gas,  air,  oil  or  other  fluids — hot 
or  cold,  without  any  adjustment,  repairs  or  replacing  of  parts. 


ROTARY 
GATE 
VALVE 


THE  TIGHT  JOINT  COMPANY 

306-310  East  47th  Street  NEW  YORK  CITY 

High  Pressure  Fittings  and  Valves  for  general  hydraulic  systems,  Air 
or  Oil  Pressures,  for  pressures  of  500;  1000;  1500;  3000  and  5000  lbs. 
Send  for  catalogue. 


HIGH 

PRESSURE 

FITTINGS 


WHEELER  CONDENSER  &  ENG. 

Main  Office  and  Works:    CARTERET,  N.  J. 


CO. 


Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative 
Dry  Vacuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


CONDENSERS 

PUMPS 

COOLING 

TOWERS 


C.  H.  WHEELER  MFG.  CO. 


PHILADELPHIA,  PA. 
CHICAGO 


SAN  FRANCISCO 


Manufacturers  of  High  Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed  Water  Heaters,  Water  Coohng  Towers,  Boiler  Feed  and  Pressure  Pumps. 


CONDENSERS 


COOLING 
TOWERS 


FEED-WATER 
HEATERS 


BLOWERS,   FANS,   DRYERS,   ETC, 


EXETER   MACHINE   WORKS 

EXETER,  N.  H. 
Manufacturers  of  Exeter  Pressure  Blowers  and  Fan  Blowers;  Exeter  Exhausters 
for  Wood;  Exeter  Ventilator  Wheels;  Large  Exeter  Fans  and  Exhausters  for  Heating, 
Ventilating,  Forced  and  Induced  Draft.    Catalogue  gives  details. 
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BLOWERS 

FANS 

EXHAUSTERS 


GAS 
EXHAUSTERS 

PUMPS 


BLOWERS,  FANS,  DRYERS,  ETC. 


P.   H.   &  F.   M.   ROOTS  CO. 

CONNERSVILLE,  IND. 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for 
vacuum  cleaning,  for  laundries,  for  blacksmiths.  Positive  Rotary  Pumps,  Positive 
Pressure  Gas  Exhausters.     Hii^h  Pressure  Gas  Pumps.     Flexible  Couplings. 


DRYERS 


RUGGLES  COLES  ENGINEERING  CO. 

McCoRMicK    Bldg.,  CHICAGO  Hudson  Terminal,  NEW  YORK 

Dryers.      Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


FANS 

BLOWERS 

ECONOMIZERS 

ENGINES 


B.   F.   STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to    force   or    exhaust  air  under    all  conditions. 
Largest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.     Consulting  representatives  in  or  near  your  city. 


ELECTRICAL  APPARATUS 


AND 
GENERATORS 


ALLTS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Electrical  Machinery  of  every  description;  Motors  and 
Generators  for  alternating  and  direct  current;  Rotary  Converters,  Trans- 
formers, Switchboards. 


ELECTRIC 
DRIVE 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 
The  General  Electric  Company  has  equipped  machines  of  all  kinds  with 
its  motors.     For  each  kind  of  machine  there  is  an  equipment  of  motor  and 
controller  that  is  best. 


ELECTRIC 
MOTORS 


RELIANCE  ELECTRIC  &  ENGINEERING  CO. 
CLEVELAND,  OHIO 

Our  specialty  is  Machine  Shop  Drives.  We  will  design  all  parts  for  the  conver- 
sion of  your  belt  driven  machines  into  motor  drive.  Manufacturers  of  the  Reliance 
Adjustable  Speed  Motor.    Also  a  complete  line  of  D.C.  and  A.C.  Constant  Speed  Motors. 


GENERATORS 

MOTORS 

HOISTS 

FANS 


SPRAGUE  ELECTRIC  COMPANY 

527-531  W.  34th  St.,  NEW  YORK 

Manufacturers  of  D.  C.  Generators,  Electric  Motors,  Electric  Hoists, 
Electric  Fans,  Conduits,  Armored  Cable,  Outlet  Boxes,  Armored  Hose. 
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PUMPS   AND   HYDRAULIC  TURBINES 


WAGNER  ELECTRIC  MFG.   COMPANY 

ST.  LOUIS,  MO. 


Producers  of  tlic  commcrci: 
and  Lighting  Transfdniurs.  Hui 
phase  generators  and  motors  the 
hensive  line  of  switclil)<)aid  and 


•cssful  Sinfrlc  phase  Motor.  Pioneers  in  Power 
tlie  most  liberally  designed  and  rugged  poly- 
atl'ords.     Manufacturers  of  the  most  eompre- 

■  instruments  ollerod  to-day. 


DYNAMOS 
MOTORS 

Transformers 
Instruments 


WESTINGHOUSE   ELECTRIC   &   MFG.   CO. 

PITTSBURG,  PA. 

Westinp:house  Electric  Motor  Drive.  Pumps,  compressors,  hoists, 
machine  tools  and  every  class  of  apparatus  develop  their  highest  efficiency 
when  individually  driven  with  Westinghouse  Motors. 


ELECTRIC 
MOTOR 
DRIVE 


PUMPS  AND   HYDRAULIC  TURBINES 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 
Builders  of  Reaction  and  Impulse  Turbines,  in  capacities  up  to  20,000 
H.P.    High  Duty  Pumping  Engines,  Centrifugal  Pumps,  Single  and  Multi- 
stage; Screw  Pumps,  Elevator  Pumps,  Geared  Pumps,   Mine  Pumps  and 
Electrically  Driven  Pumps.    Hydraulic  Transmission  Pumping  Machinery. 


HYDRAULIC 
TURBINES 


PUMPING 
MACHINERY 


AMERICAN  STEAIM  PUMP  COMPANY 

BATTLE  CREEK,  xMICHIGAN,  U.  S.  A. 

Manufacturers  of  Marsh  and  American  Steam  and  Power  Pumping  Machinery. 
The  valve  motion  is  desisned  for  efficient  and  reliable  service,  which,  combnied  with 
low  maintenance  cost,  should  appeal  to  engineers  who  desire  to  reduce  their  operating 
exnenses.     Literature  upon  request. 


PUMPING 
MACHINERY 


ATLANTIC  HYDRAULIC  MACHINERY  CO. 
PHILADELPHIA,  PA. 


Inc. 


Our  Turbine  Pumps  are  light,  comparatively  low  priced,  constructed 
according  to  the  latest  designs,  highly  efficient.  We  guarantee  to  each 
customer  to  fill  his  individual  requirements  exactly. 


TURBINE 
PUMPS 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Venturi  Meters  measure  cold  water,  hot  water,  brine  and  chemicals.  They  are 
used  on  gravity  supplies  and  to  check  performance  of  centrifugal  and  reciprocating 
pumps.  Usual  sizes  from  2"  to  60".  Larger  sizes  in  use.  Full  set  of  bulletins  on 
request. 


VENTUR! 
METERS 


M.   T. 

DAVIDSON 

CO. 

43-33  Kea 

p  St.,  BROOKLYN, 

N.  Y. 

New  Yokk: 

154  Nassau  St. 

Boston  . 

30  Oliver 

St. 

High  grade 
densers. 

economical 

Pumps  for  all  services.     Surface  and  Jet  Con- 
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PUMPS 
CONDENSERS 


PUMPS  AND    HYDRAULIC  TURBINES 


THE  GOULDS  MANUFACTURING  COMPANY 
PUMPS  SENECA  FALLS,  N.  Y. 

HYDRAULIC  Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  muni- 

M  ACH  I  N  ERY  cipal  water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed 

pumps,  chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and 
i  hand  pumps  of  every  kind. 


MINING 
PUMPS 


GOYNE  STEAM  PUMP  CO. 

ASHLAND,  PA. 

Manufacturers  of  Mining  Pumps  for  any  service  or  capacity.  Most  Engineers 
know  that  the  life  of  the  superior  mining  pump  is  from  two  to  four  times  that  of  the 
ordinary  on  the  same  service.  Why  then  let  a  difference  of  from  25  to  even  50^  in  first 
cost  determine  your  selection? 


WATER 
WHEELS 


HOLYOKE  MACHINE  COMPANY 


HOLYOKE,  MASS. 


WORCESTER,  MASS. 


Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 

BOILERS 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Boilers. 


Machinists 

PUMPS 
lANUFACTURERS 


WILLIAM  E.  QUIMBY,  INC. 

548-50  West -230  St.  NEW  YORK 

Have  a  shop  on  23d  Street,  New  York,  equipped  with  large  and  accurate 
tools  and  do  a  general  machine  business.  Also  manufacture  the  Quimby 
Screw  Pump  and  Quimby  Electric  Sump  Pump. 


AIR   COMPRESSORS  AND  PNEUMATIC  TOOLS 


AIR 
COMPRESSORS 


THE   BLAISDELL   MACHINERY   CO. 

BRADFORD,  PA. 
NEW  YORK  BOSTON  CHICAGO 

Blaisdell  Air  Compressors  are  manufactured  in  all  sizes  for  all  purposes. 


AIR 

COMPRESSORS 

PNEUMATIC 

TOOLS 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILL. 
Manufacturers   of  Franklin  Air  Compressors   and   a  complete  line  of 
Pneumatic  Tools  and  Appliances. 
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AIR  COMPRESSORS   AND   PNEUMATIC  TOOLS 


THOS.   H.  DALLET T  CO. 

York  and  23rd  St.  PHILADELPHIA,  PA. 

Our  Compressors  are  exceptionally  massive  and  rigrid  in  design;  have  liberal 
bearing  surfaces:  all  working  parts  are  readily  accessible:  have  special  int;ike  and  dis- 
charge valves.  Are  particularly  adapted  for  high-class  installations.  Write  for 
catalogue. 


AIR 
COMPRESSORS 


POWER  TRANSMISSION 


THE   AMERICAN   PULLEY   CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Now  sold  in 
larger  quantities  than  anv  one  make  of  pulley.  No  key,  no  set  screw,  no  slip;  light, 
true  and  amply  strong  for  double  belts.    1^0  stocks  carried  in  the  United  States. 


PULLEYS 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pullejs 
range  from  6  to  126*  diameter,  3  to  40"  face,  and  fit  any  size  shaft  from  1 
to  sy.     Let  us  send  you  our  booklet  illustrating  all  styles. 


PULLEYS 


DIAMOND  CHAIN  8c  MANUFACTURING  CO. 

259  West  Georgia  St.  INDIANAPOLIS,  IND. 

Diamond  Chains  are  more  durable  than  the  best  belts.  If  your 
short  transmissions  are  giving  trouble,  our  engineering  department  will  ad- 
vise you  free  of  charge. 


CHAIN 
DRIVE 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 
Everything   for  the  Mechanical   Transmission  of  Power.      Plans  and 
estimates  furnished  on  complete  mill  and  factory  equipments. 


POWER 

Transmission 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 
Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 
for  belt,  rope   or  gear   driving,  including  the  well   known    Hill    Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


POWER 

Transmission 


NATIONAL  BRAKE  &  CLUTCH  COMPANY 

16  State  Street,  BOSTON,  MASS. 

We  license  others  to  manufacture,  use  or  sell  Cork  Insert  Pulleys,  Clutches  and 
Brakes.  They  increase  efficiency  50  to  100%,  and  are  used  in  automobile,  shafting  and 
machinery  clutches  and  in  motor,  shafting  and  machinery  pulleys.  Send  for  pam- 
phlets showing  fifty  applications. 
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CORK   INSERT 

FRICTION 
SURFACES 


Pulleys — Paper 


Friction 
Transmission 


POWER  TRANSMISSION 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 
Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regardino-  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


POWER 
TRANSMISSION 


T.   B.   WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 
Modern  and  Approved    Appliances    for   the   transmission    of   Power. 
Shafting,  Couplings,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 


HOISTING  AND  CONVEYING   MACHINERY 


CRANES 

STEAM 

HAMMERS 

PUNCHES 

AND 

SHEARS 


WIRE    ROPE 

Aerial  Wire  Rope 
TRAMWAYS 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 
Makers  of  Alliance  Cranes  of  all  types;  also  Rolling  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper-Con- 
verting Machinery,  etc. 


BRODERICK  &  BASCOM  ROPE  COMPANY 

ST.   LOUIS,  MO. 

Manufacturers  of  Wire  Rope  for  over  a  quarter  of  a  century  and  of  the 
famous  Yellow  Strand  Wire  Rope,  the  most  powerful  rope  made. 

Special  system  of  Aerial  Wire  Rope  Tramways  for  conveying  material. 


HOISTING 
MACHINERY 


THE  BROWN  HOISTING  MACHINERY  CO. 

New  York  CLEVELAND,  O.,  U.  S.  A.  Pittsburg 

Designers  and  manufacturers  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
heavy  Hoisting  Machinery  of  all  description.  Also  Ferroinclave  for  reinforced  con- 
crete roofing. 


CONVEYORS 

ELEVATORS 

POWER 

TRANSMISSION 


H.  W.  CALDWELL  k  SON  COMPANY 

New  York  CHICAGO  BostoV 

Elevating,  Conveying  and  Power  Transmitting  Machinery.     Helicoid  & 

screw  conveyors,  machine  molded  gears,  pulleys,  Hy-wheels,  rope  sheaves 

and  drives,  sprocket  wneels  &  enam,  buckets,  belting,  shafting  ai>d  bearings. 


HOISTING 
ENGINES 
AND 
DERRICKS 


CLYDE  IRON  WORKS 

DULUTH,  MINN. 
Hoisting  Engines  and  Derricks.     All  sizes  and  types  of  engines. 
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HOISTING  AND  CONVEYING  MACHINERY 


THE  J.  M.  DODGE  COMPANY 

NICETOWN,  PHILA.,  PA. 

Contracting-Engineers.  "The  Dodge  System"  of  coal  storage,  Bridge  Tramways. 
Telphers.  Locomotive  Cranes,  Revolving  Cranes,  Locomotive-Coaling  Stations,  Hoisting 
Towers,  Direct  Unloaders,  Car  Dumpers,  Steel  and  Concrete  Structures. 


COAL 

STORAGE 

CONVEYING 

MACHINERY 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 

Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight  Ele- 
vators, Hoisting  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  Clutch  Pulleys. 


ELEVATORS 

FRICTION 

CLUTCHES 

PULLEYS 


THE  B.   F.  GOODRICH  CO. 

AKRON,  OHIO 
Manufacturers  of  Goodrich  Conveyor  Belt.     The  Goodrich  "Longhfe," 
"Economy"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  any  other  belt  made. 


CONVEYOR 
BELTS 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery ;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal   Washeries,  Locomotives,  Coal  Cutters,  Drills,  etc.    Complete  Coal  Mine  Equip- 


ELEVATING 
CONVEYING 

MINING 
MACHINERY 


LIDGERWOOD  MFG.   CO. 

96  Liberty  St.  NEW  YORK 

Hoisting  Engines— steam  and  electric,  for  every  use  of  the  contractor,  miner, 
warehouseman,  railroads,  ship  owners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists, 
Cableways  for  hoisting  and  conveying,  Marine  Transfer  for  coal  and  cargo  handling. 


HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFER 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 


Elevators  and  Conveyors  for   every  purpose;    all   accessories; 
Transmission  Machinery. 


Power 


ELEVATORS 

AND 
CONVEYORS 


MEAD-MORRISON  MANUFACTURING  COMPANY 

NEW  YORK  BOSTON  CHICAGO 

Coal-Handling  Machinery,  Hoisting  Engines,  complete  Discharging  and  Storage 
Plants,  Cable  Railways,  Marine  Elevators.  McCaslin  and  Harrison  Conveyors,  Steam, 
Electric,  Belt  and  Gasoline  Hoists,  Derrick  Swingers,  Grab  Buckets,  Steam  Boilers, 
Locomotive  Derricks,  Suspension  Cableways. 


ELEVATING 

AND 
CONVEYING 
MACHINERY 


THE   MORGAN   ENGINEERING   CO. 

ALLIANCE,  OHIO 
Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.     We 
also   design  and  build  Steel  Plants  complete,  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 
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CRANES 


CRANES 
HOISTS 


HOISTING  AND  CONVEYING  MACHINERY 


NORTHERN  ENGINEERING  WORKS 

DETROIT,  MICH. 
We  make  Cranes  of  all  types  up  to  130  tons.     We  also  make  Grab 
Bucket  Cranes  and  Hoists  for  coal  storage  service,  Cupolas,  Coal  and  A.sh 
Handling  Machinery,  Elevators  and  Foundry  Equipment. 


ELEVATORS 


OTIS  ELEVATOR  COMPANY 


17  Battery  Pl. 


NEW  YORK 


Electric  Elevators,  alternating  and  direct  connected;  Hydraulic  Elevators,  direct 
connected;  Hydraulic  Elevators,  vertical  and  horizontal;  Vertical  and  Plunger  Eleva- 
tors; Electric  Steam  and  Mining  Hoists;  Hand  Power  Elevators;  Gravity  Conveyors; 
Escalators. 


ELEVATORS 


THE 

H.  J.  REEDY 

CINCINNATI,  0. 

CO. 

Manufacturers  of 
vators. 

all 

types 

of  Passenger  and 

Fre 

ght 

Ele- 

WIRE   ROPE 


JOHN  A.  ROEBLING'S  SONS  COMPANY 

TRENTON,  N.  J. 
Manufacturers  of  Iron,  Steel  and   Copper  Wire   Rope,  and   Wire  of 
every  description. 


CRANES 
CONTROLLERS 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.     Gantries.     Wharf  Cranes.     Rail- 
road Wrecking  Cranes.     Electric  Motor  Controllers. 


ELEVATING 
CONVEYING 

and 
SCREENING 
MACHINERY 


STEPHENS-ADAMSON  MANUFACTURING  COMPANY 
AURORA,   ILL. 

Designers  and  builders  of  complete  Conveying  Systems  for  handling  ores,  coal, 
stone,  gravel,  sand,  cement,  clay  and  all  bulk  products,  including  Belt  Conveyors, 
Chain  Conveyors,  Screvi^  Conveyors,  Bucket  Elevators,  etc.,  with  capacities  up  to  1000 
tons  per  hour. 


ELEVATING 
CONVEYING 

Power 
transmitting 

MACHINERY 


WEBSTER  MFG.   CO. 


2410-2432  W.  15th  St.,  CHICAGO.  ILL.  Eastern  Branch:  88-90  Reade  St.,  NEW  YORK 
Manufacturers  of  Elevating,  Conveying  and  Power  Transmit  I  in;,'  Machinery  for 
all  purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for 
manufacturing  give  us  large  advantages.  Belt  Conveyors  for  liaiulling  cement,  ores, 
sand,  gravel,  etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings. 
Chain  Belting.    Gearing. 


CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


THE   YALE   &   TOWNE   MFG.    CO. 

9  MuKK.xY  St.  new  YORK 

Makers  of  the  Triplex  Block  and  Electric  Hoists.  The  Triplex  Block 

is  made  in  14  sizes,  with  a  lifting  capacity  of  from  i  to  20  tons;   Electric 
Hoi.st  in  10  sizes,  J  to  16  tons. 
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FOUNDRY   EQUIPMENT 


FOUNDRY   EQUIPMENT 


J.   W.   PAXSON  CO. 

PraR  45  North  PHILADELPHIA,  PA, 

Manufacturers  and  enjyineers.  Complete  Foundry  Equipment.  Cupolas, 
Blowers,  Sand  Blast  Machinery,  Cranes,  Tramrail  Systems.  Foundry 
Buildings  designed,   Foundry  Sand,  etc. 


FOUNDRY 
EQUIPMENT 


WHITING  FOUNDRY  EQUIPMENT  CO 

HARVEY,  ILL. 
Have  complete  equipment  and  Cranes  of  all  kinds  for  grey  iron,  steel 
and  malleable  Foundry  Plants.     Buildings  designed  and  furnished;  equip- 
ment installed  and  operated. 


FOUNDRY 

PLANT 

EQUIPMENT 


ENGINEERING  MISCELLANY 


DODGE,  DAY  &  ZIMMERMANN 

PHILADELPHIA 

Our  Engineering  Service  provides  for  the  planning,  construction  and  equip- 
ment of  buildings  to  meet  both  present  and  future  requirements  of  indus- 
trial plants.     See  page  advertisements  in  the  February  and  May  numbers. 


INDUSTRIAL 
PLANTS 


THE  HARRINGTON  &  KING  PERFORATING  CO. 
No.  615  North  Union  St.  CHICAGO,  ILL.,  U.  S.  A. 

Manufacturers  of  Perforated  Metals  of  every  description  for  all  pur- 
poses and  for  screens  of  all  kinds.     See  advertisement  on  page  28. 

New  York  Office:  No.  114  Liberty  St. 


PERFORATED 
METALS 


STANDARD  ROLLER  BEARING  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA   PA. 

Largest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  all 
purposes.      Steel,  Bronze  and  Brass  Balls. 


BALL 

and 

ROLLER 

BEARINGS 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.  M.  E. 

No.  824.  New  System  of  Valves  for  Steam  Engines,  Air  Engines  and  Compressors: 
F.  W.  Gordon,  price  1.20;  No.  894.  Test  of  an  Hydraulic  Air  Compressor:  W.  O. 
Webber,  price  $.10;  No.  1017.  Improvement  in  Valve  Motion  of  Duplex  Air  Compres- 
sors: S.H.  Bunnell,  price  $.10;  No.  1131.  A  High  Duty  Air  Compressor:  O.P.Hood, 
price  $.30. 
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PAPERS 

ON 

AIR 

COMPRESSORS 


ENGINEERING  SCHOOLS  AND  COLLEGES 


CLARKSON 
SCHOOL  OF  TECHNOLOGY 

Thomas  S.  Clarkson  Memorial 
Organized  Under  Charter  of  the  Univer- 
sity OF  the  State  of  New  York.  Courses 
leading  to  degrees  of  Bachelor  of  Science  In 
Chemical,  Civil,  Electrical  and  Mechanical 
Engineering,  comprising  four  years  of  thorough 
training  and  resident  college  work  in  theory  and 
practice  of  engineering.  Copies  of  Clarkson 
Bulletin,  published  quarterly,  mailed  on  appli- 
cation. 

Wm.  S.  Aldrich,  Director. 

POTSDAM,  N.  Y. 


THE  RENSSELAER  POLYTECH- 
NIC INSTITUTE 

Courses  In  Civil,  Mechanical  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees,  C.  E.,  M.  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Catalogue  sent  upon  application,  TROY,  N.Y. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 


TUFTS  COLLEGE 

Department  of  Engineering.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  four  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  Insufficient  prepara- 
tion for  college  work.  For  Information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 
TUFTS  COLLEGE   P.  O.,   MASS. 


Course  in  Mechanical  Engineering,  Even- 
ing Post-Graduate  Courses.  Fred.  W.  Atkin- 
son, Ph.D.,  President;  \V.  D.  Ennis,  Member 
A.  S.  M.  E.,  Professor  Mechanical  Engineering. 


NEW    YORK    UNIVERSITY 
SCHOOL  OF  APPLIED  SCIENCE 

Departments  of  Civil,  Mechanical  and  Chem- 
ical Engineering. 

For  announcements  or  information,  address 

Charles  Henry  Snow,  Dean. 
UNIVERSITY  HEIGHTS,  N.  Y.  CITY. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers— Constructors 
Electrical — Civil— Mechanical 

181  LaSalle  Street,  CHICAGO. 


BERT    L.    BALDWIN 

Member  A.  S.  M.  E.  and  A.  I.  E.  E. 
Plans,  Specifications  and  Superintendence  of 
Manufacturing  Buildings,   Plants  and    Equip- 
ments of  same. 

Perin  Building,  CINCINNATI,  OHIO 

WILLIAM  R.  CONARD 

Assoc.  A.  S.  M.  E.  and  A.  S.  C.  E. 

Inspection  of  Ralls,  Bridge  Materials,  Building 
Materials  of  Iron  and  Steel  Cars,  Locomotives, 
etc. 

Specialty:  Inspection  of  all  Water-Works  Mate- 
rials, 322  High  Street.  BURLINGTON,  N.  J. 
Malson  Blanche  BIdg.,  NEW  ORLEANS.  LA. 
R.  C.  Huston,  C.  E.,  Southern  Representative 


F.  W.  DEAN 

Member  A.  S.  M.  E. 

Mill  Engineer  and  Architect. 

Exchange  Building,  53  State  St., 

BOSTON,  MASS. 


J.  A.  HERRICK, Consulting  Engineer 

Member  A.  S.  M.  E. ' 
The  Herrick  Patented  Gas  Producers,  Gas  and 
Air  Valves   Gas  Furnaces,  Regenerative  and  Di- 
rect Fired — all  purposes. 

Room  1603,  No.  2  Rector  St.,  N.  Y.  City 

HERMAN  JAKOBSSON 

Consulting  Engineer 

Member  A. S.M.E. 
Mechanical   Drafting  and  Designing.    Tech- 
nical Translation  and  Investigations  in  U.  S.  and 
Foreign  Patents. 

Victor  Bldg.,  724-726  Ninth  St.,  N.  W. 
Washington,  D.  C. 

CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 

Mill  Engineer  and  Architect 

201  Devonshire  Street,  BOSTON.  MASS. 


J.  Wm.  PETERSON 

Lubrication  Engineer 

Specialty:  Plans,  Specifications  and  Superinten- 
dence of  Power  Plant  Oiling  Systems  and 
General  Machinery  Lubrication 


50  Church  Street 


SPECIAL  RATES 


NEW  YORK  CITY 


Will  be  quoted  on  request  for 
Professional  Cards. 
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COMMITTEE  ON  MEETINGS  OF  THE  SOCIETY  IN 
NEW  YOKK 

At  a  meeting  of  the  membership  held  on  October  31,  nominations 
were  made  and  approved  by  the  Committee  on  Meetings  for  a  Com- 
mittee on  Meetings  of  the  Society  in  New  York,  similar  to  the  com- 
mittees in  Boston,  St.  Louis  and  San  Francisco.  The  committee 
chosen  consists  of  Prof.  Walter  Rautenstrauch,  Chairman,  Frederick 
A.  Waldron,  Treasurer,  Fred.  H.  Colvin,  Edward  Van  Winkle  and 
Roy  V.  Wright.  This  is  one  of  the  most  important  developments 
of  the  year,  as  it  places  for  the  first  time  in  the  history  of  the  Society 
all  the  meetings  on  the  same  basis.  This  committee  will  also  form 
the  nucleus  of  the  committee  to  conduct  the  social  features  of 
the  Annual  Meeting.  The  duties  of  the  committee  in  New  York 
will  not  in  any  way  overlap  those  of  the  Committee  on  Meetings  of 
the  Society,  which  will  have  jurisdiction,  as  formerly,  over  all  the 
meetings  in  general  and  of  the  Annual  and  Spring  meetings  in  par 
ticular. 


THE  ANNUAL  MEETING 

The  Thirty-second  Annual  Meeting  of  the  Society  will  be  held  in 
the  Engineering  Societies  Building,  29  West  39th  Street,  New  York, 
December  6-9,   1910. 

A  professional  program  with  papers  of  unusual  variety  and  merit 
has  been  arranged  by  the  Meetings  Committee,  Willis  E.  Hall,  Chair- 
man, and  provides  for  five  sessions,  to  occupy  the  morning  and  after- 
noon of  both  Wednesday  and  Thursday,  leaving  Friday  free  for 
excursions  or  other  entertainment.  At  the  Wednesday  morning  ses- 
sion, following  the  presentation  of  reports  and  other  business,  there 
will  be  an  account  of  the  Joint  Meeting  in  England  by  the  Secretary; 
and  also  a  paper  on  the  Transmission  of  Heat  in  Surface  Condensa- 
tion by  George  A.  Orrok.  On  Wednesday  afternoon  a  session  on 
Steam  Engineering  will  be  held;  and  on  Thursday  there  will  be  a 
session  in  the  morning  on  miscellaneous  topics,  with  simultaneous 
meetings  in  the  afternoon,  one  on  machine  shop  topics,  and  the  other 
that  of  the  Gas  Power  Section.  Luncheon  will  be  served  on  both 
Wednesday  and  Thursday  to  members  and  guests. 

ENTERTAINMENT 

The  entertainment  features  will  be  in  charge  this  year  of  the  Com- 
mittee on  Meetings  of  the  Society  in  New  York,  Walter  Rauten- 
strauch,  Chairman,  Frederick  A.  Waldron,  Treasurer,  F.  H.  Colvin, 
Edward  Van  Winkle  and  Roydon  V.  Wright,  assisted  by  sub-com- 
mittees. A  number  of  excursions  have  been  planned  for  Friday 
morning  and  afternoon,  including  the  New  York  Public  Library, 
not  yet  open  to  the  general  public.  Nelson  Goodyear,  Inc.,  with  an 
exhibit  of  autogenous  welding,  Pond  Machine  Tool  Company, 
Thompson-Lovelace  Aeroplane  Company,  Robins  Dry  Dock,  New 
York  Telephone  Company's  Exchange,  and  the  Navy  Yard  in 
Brooklyn.  There  will  also  be  opportunities  throughout  the  con- 
vention to  visit  the  Metropolitan  Building,  the  Hudson  and  Man- 
hattan Power  House,  the  Interboro  Power  House,  the  Hill  Publish- 
ing Company,  New  York  Edison  Company's  waterside  power  plant, 
the  Franco-American  Soup  Company,  and  the  Sims  Magneto  Com- 
pany. 

A  Ladies'  Reception  Committee,  under  the  chairmanship  of  Mrs. 
Herbert   Gray   Torrey,   will   arrange   for   the   entertainment  of  the 
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guests  of  the  membership  in  a  manner  similar  to  that  of  previous 
years.  Tea  will  be  served  on  Tuesday,  Wednesday  and  Thursday 
afternoons  in  the  Ladies'  Headquarters  in  the  rooms  of  the  Society, 
and  various  trips  to  points  of  interest,  including  shops  and  hotels, 
will  be  made  under  competent  guides. 

RECEPTION    AND    EVENING    MEETINGS 

The  opening  session  on  Tuesday  evening  will  be  the  occasion  of 
the  annual  address  of  the  President,  and  of  the  report  of  the  Tellers 
of  Election  of  Officers.  This  will  be  followed  by  a  reception  bj^  the 
President  and  President-elect  in  the  rooms  of  the  Society.  On  Wed- 
nesday evening  there  will  be  a  reunion  of  the  membership  at  the 
Hotel  Astor,  with  dancing  and  refreshments.  Boxes  will  be  avail- 
able for  those  who  do  not  desire  to  participate  in  the  dancing. 

Mr.  and  Mrs.  Westinghouse  will  receive  the  members  and  guests  at 
the  Hotel  St.  Regis  from  four  to  six  o'clock  on  Thursday  afternoon. 

The  lecture  on  Thursday  evening,  by  Dr.  Georg  Kerschensteiner 
on  Industrial  Continuation  Schools  of  Munich,  will  be  one  of  unusual 
interest  because  of  Dr.  Kerschensteiner's  wide  reputation  as  an 
educator  and  brilliant  lecturer  and  his  owm  interest  in  the  important 
subject  of  the  training  of  workmen.  This  lecture,  although  it 
appears  on  the  program  of  the  Annual  Meeting,  is  one  arranged 
through  the  courtesy  of  the  National  Society  for  the  Promotion  of 
Industrial  Education,  the  Society,  together  with  the  American  Insti- 
tute of  Electrical  Engineers  and  the  American  Institute  of  INIining 
Engineers,  having  been  invited  by  the  National  Society  for  the  Pro- 
motion of  Industrial  Education  to  act  as  joint  hosts  on  this  occasion. 

HEADQUARTERS 

The  headquarters  will  be  established  in  the  foyer  on  the  first  floor 
of  the  Engineering  Societies'  Building.  Members  and  guests  are 
requested  to  register  immediately  upon  their  arrival  and  receive  a 
badge  and  program.  Railroad  certificates  should  be  presented  at 
that  time  for  validation.  A  writing  room  will  be  provided  on  the  first 
floor  opposite  the  entrance  fully  equipped  for  the  use  of  members. 
There  is  also  a  telephone  exchange  with  several  booths  on  the  first 
floor  adjoining  the  elevators,  providing  ample  facilities  for  quick 
service. 
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MEMBERS    REGISTER 


Two  editions  of  the  printed  Members  Register  will  be  issued.  The 
first  will  include  the  names  of  those  registered  before  9  p.m.  Tuesday, 
and  will  be  distributed  at  the  morning  session  on  Wednesday.  The 
second  edition  will  contain  the  names  of  those  registered  before  10  p.m. 
on  Wednesday.  It  wdll  be  distributed  at  the  morning  session  on 
Thursday. 

RAILROAD  TRANSPORTATION 

Arrangements  for  hotel,  transportation  and  Pullman  car  accom- 
modations should  be  made  personally. 

For  members  and  guests  attending  the  Annual  Meeting  in  New 
York,  December  6-9,  1910,  the  special  rate  of  a  fare  and  three-fifths 
for  the  round  trip,  on  the  certificate  plan,  is  granted  when  the  regular 
fare  is  75  cents  and  upwards,  from  territory  specified  below. 

a  Buy  your  ticket  at  full  fare  for  the  going  journey,  between 
December  2  and  8  inclusive,  and  get  a  certificate,  not  a 
receipt,  securing  these  at  least  half  an  hour  before  the 
departure  of  the  train. 
h  Certificates  are  not  kept  at  all  stations.     If  your  station 
agent  has  not  certificates  and  through  tickets,  he  will 
tell  you  the  nearest  station  where  they  can  be  obtained. 
Buy  a  local  ticket  to  that  point  and  there  get  your  cer- 
tificate and  through  ticket, 
c  un  arrival  at  the  meeting,  present   your  certificate  to  S. 
Edgar  Whitaker,  office  manager,  at  the  Headquarters.    A 
fee  of  25  cents  will  be  collected  for  each  certificate  vali- 
dated.   No  certificate  can  be  validated  after  December  9. 
d  An    agent    of   the    Trunk  Line  Association  will  validate 
certificates,  Dec.  7,  8,  9.    No  refund  of  fare  will  be  made 
on  account  of  failure  to  have  certificate  validated. 
e  One-hundred  certificates  and  round  trip  tickets  must  be 
presented  for  validation  before  the  plan  is  operative.    This 
makes  it  important  to  show  the  return  portion  of  your 
round  trip  ticket  at  Headquarters. 
/  If  certificate  is  validated,  a  return  ticket  to  destination  can 
be  purchased,  up  to  Dec.  13,  on  the  same  route  over  which 
the  purchaser  came,  at  three-fifths  the  rate. 
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This  special  rate  is  granted  only  for  the  following: 
Trunk  Line  Association; 

All  of  New  York  east  of  a  line  running  from  Buflfalo  to  Salamanca,  all  of 
Pennsylvania  east  of  the  Ohio  River,  all  of  New  Jersey,  Delaware  and  Mary- 
land; also  that  portion  of  West  Virginia  and  Virginia  north  of  a  line  nmning 
through  Huntington,  Charleston,  White  Sulphur  Springs,  Charlottesville,  and 
Washington,  D.  C. 

New   England   Passenger   Association,    except    Eastern   Steamship 
Co.  and  Metropolitan  Steamship  Co. 

Maine,  New  Hampshire,  Vermont,  Massachusetts,  Rhode  Island  and  Con- 
necticut. 

Central  Passenger  Association: 

The  portion  of  Illinois  south  of  a  line  from  Chicago  through  Peoria  to  Keokuk 
and  east  of  the  Mississippi  River,  the  States  of  Indiana,  and  Ohio,  the  portion 
of  Pennsylvania  and  New  York  north  and  west  of  the  Ohio  River,  Salamanca 
and  Buffalo,  and  that  portion  of  Michigan  between  Lakes  Michigan  and  Huron. 

Eastern  Canadian  Passenger  Association : 

Canadian  territory  east  of  and  including  Port  Arthur,  Sault  Ste.  Marie 
Sarnia  and  Windsor,  Ont. 

PRELIMINARY  PROGRAM 

TUESDAY,  DECEMBER  6 

8.30  p.m. 

Presidential  Address,   George  Westinghouse. 

Report  of  Tellers  of  Election  of  Officers. 

President's  reception  in  the  rooms  of  the  Society.  All  members 
and  guests  invited.     Cards  of  admission  upon  application. 

Music  and  refreshments,  Chas.  W.  Aiken,  Chairman  Sub-Com- 
mittee in  charge. 

WEDNESDAY,  DECEMBER  7 

10    a.m. 

Reports  of  Council,  standing  and  special  committees,  and  tellers 
of  election  of  membership.     New  business. 

The  Joint  Meeting  in  England :     Report  by  the  Secretary. 

The  Transmission  of  Heat  in  Surface  Condensation,  George  A. 
Orrok. 
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2  p.m. 

Combustion  and  Boiler  Efficiency,  Edw.  A.  Uehling. 
Automatic  Control  of  Condensing  Water,  B.  Viola. 
Test  of  a  10,000-kw.  Steam  Turbine,  Sam.  L.  Naphtaly. 
Test  of  a  9000-kw.  Turbo-Generator  Set,  F.  H.  Varney. 
Notes  on  the  Value  of  Napier's  Coefficient  with  Superheated  Steam, 
Isaac  Harter,  Jr. 

9  p.m. 

Reunion  of  the  membership  in  Hotel  Astor.     Dancing  and  Re- 
freshments. 

Robert  S.  Allyn,  Chairman  Sub-Committee  in  charge  of  Reunion. 

THURSDAY,  DECEMBER  8 

10  a.m. 

A  New  Theory  of  Belt  Driving,  Selby  Haar. 

Stresses  in  Connecting  Rods,   W.   H.   Herschel. 

Operating  Conditions  of  Passenger  Elevators,  Reginald  P.  Bolton. 

Modern  Shoe  Manufacture,  M.  B.  Kaven  and  J.  B.  Hadaway. 

Simultaneous  Sessions,  2  p.m. 

MACHINE    SHOP 

The  Field  for  Grinding,  C.  H.  Norton. 

Precision  Grinding,  W.  A.  Viall. 

Modern  Grinding  Methods,  B.  M.  W.  Hanson. 

Gas  Power  Section 
Business  Meeting. 

First  Large  Gas  Engine  Installation  in  American  Steel  Works, 
E.  P.  Coleman. 
Other  Gas  Power  papers  as  assigned. 

Reception  to  members  and  guests  by  Mr.  and  Mrs.  Westinghouse, 
Hotel  St.  Regis,  4  to  6  p.  m. 

8.15  p.m. 

Address:     Industrial  Continuation  Schools  of  Munich,  Dr.  Georg 
Kerschcnsteiner,  Superintendent  of  Schools,  Munich,  Bavaria. 

FRIDAY,  DECEMBER  9 
Excursions  to  i)oints  of  engineering  interest. 
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COMING  MEETINGS 

MEETING  IN  ST.  LOUIS,  DEC.  10 

The  next  monthly  meeting  of  the  Society  at  St.  Louis  will  be  held 
on  the  evening  of  December  10,  the  Engineers  Club  of  St.  Louis 
cooperating. 

MEETING  IN  BOSTON,  DEC.  16 

At  the  meeting  of  the  Society  in  Boston  for  December  a  paper  will 
be  presented  by  Samuel  B.  Fowler,  Consulting  Engineer,  Boston, 
on  Terminal  Facilities  for  Handling  Freight.  The  Boston  Society  of 
Civil  Engineers  and  the  Boston  Section  of  Institute  of  Electrical 
Engineers  will!  cooperate. 

REPORT  OF  MEETINGS 

MEETING  IN  NEW  YORK.  NOVEMBER  9 

The  New  York  monthly  meeting  for  November  was  held  on  the 
ninth,  the  day  following  the  regular  time  for  the  meeting,  owing  to 
Election  Day  coming  on  that  date.     The  attendance  was  163. 

The  first  half  of  the  session  was  devoted  to  a  paper  on  the  Rotary 
Kiln  by  Ellis  Soper,  Mem.Am.Soc.M.E.,  of  Detroit,  Mich.,  which 
was  read  by  Prof.  R.  C.  Carpenter  of  Ithaca,  New  York,  Vice-Presi- 
dent Am.Soc.M.E.,  in  the  absence  of  the  author.  Following  this 
paper  was  an  address  on  the  PanamaCanal  by  Charles  Whiting  Baker, 
Vice-President  Am.Soc.M.E.,  editor  of  Engineering  News.  Mr. 
Baker  discussed  the  methods  used  in  carrying  on  the  construction 
work  at  the  canal,  illustrating  his  talk  with  pictures  taken  at  the 
time  of  his  visit  in  1909,  when  accompanying  the  engineering  com- 
mission appointed  by  President  Roosevelt.  Mr.  Baker  said  that  the 
Canal  is  to  be  regarded  as  a  problem  in  transportation  as,  in  fact, 
practically  everything  is  a  problem  of  this  type.  Things  are  not 
made  or  manufactured,  but  one  sort  of  material  is  merely  taken 
from  one  place  and  put  into  another.  The  digging  of  the  canal  is 
easier  and  simpler  than  the  carrying  away  to  a  distance  of  several 
miles  of  the  material  dug  out  by  the  great  steam  shovels,  which 
remove  5  cu.  yd.  at  a  movement.  But  even  this  is  cheaper  than  to 
pile  the  material  on  the  high  banks  of  the  canal. 
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A  greater  problem,  even,  than  this  one  of  the  removal  of  earth  is 
the  caring  for  the  big  working  force  of  30,000  laborers  and  5000  skilled 
workmen,  comprising  over  a  score  of  different  nationalities  and  all 
social  grades.  Moreover,  everything  needed  to  build  the  canal, — ■ 
tools,  machines,  cars,  locomotives,  lumber, — and  to  make  com- 
fortable the  great  force  of  men  and  their  famihes,  had  to  be  brought 
2000  miles. 

The  engineers  at  the  Canal  had  taken  up  many  of  their  burdens, 
not  through  choice,  but  of  necessity,  for  conditions  had  to  be  met  as 
they  arose,  and  they  should  rather  be  honored  than  criticised  for  their 
achievements,  by  none  more  than  by  their  profcsyional   brethren. 

MEETING  IN  BOSTON,  NOVEMBER  10 

The  first  monthly  meeting  of  the  Society  in  Boston  for  the  present 
season  was  held  on  the  evening  of  November  10  in  the  auditorium 
of  the  Edison  Company,  with  the  Boston  Society  of  Civil  Engineers 
and  the  Boston  Section  of  the  American  Institute  of  Electrical  Engi- 
neers cooperating    The  attendance  was  150. 

After  a  brief  business  session,  at  which  a  nominating  committee 
to  select  a  new  Committee  on  Meetings  of  the  Society  in  Boston  was 
appointed,  a  topical  discussion  on  Smoke  Abatement  was  opened 
by  Dwight  T.  Randall,  Mem.Am.Soc.M.E.,  who  made  a  statement 
of  the  case  as  applied  to  New  England.  He  was  followed  by  E.  G. 
Bailey,  Frederick  H.  Keyes,  Charles  H.  Manning,  Henry  Bartlett, 
George  H.  Barrus,  John  T.  Hawkins  and  C.  H.  Bigelow.  Mr. 
Randall  said  that  ordinances  making  it  unlawful  to  produce  smoke 
are  not  in  themselves  effective  and  that  results  can  be  accomplished 
only  by  recognizing  the  difficulties  and  overcoming  them  along 
engineering  lines.  Leading  ui3  to  the  all-important  question  of  the 
combustion  of  bituminous  coal,  he  discussed  the  relation  of  volatile 
matter  to  smoke  and  the  effect  upon  combustion  of  ash,  moisture  and 
the  size  of  the  coal.  He  discussed  the  design  of  furnaces  for  bitumi- 
nous coal,  including  brick  work,  baffles,  arches,  etc.,  and  questions  of 
air  supply,  the  prevention  of  smoke  during  hand-firing  and  the  use 
of  stokers.  The  mere  installation  of  the  latter,  he  said,  will  not 
insure  smokeless  combustion,  but  the  questions  of  draft  and  its 
regulation  and  other  engineering  conditions  must  be  considered. 
Numerous  tests  were  presented  of  the  performance  of  boilers  with 
different  fuels. 
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MEETING  IN  ST.  LOUIS,  NOVEMBER  12 

A  meeting  of  the  St.  Louis  members  of  the  Society  was  held  on 
Saturday  evening,  November  12,  at  the  Mercantile  Club.  At  the 
conclusion  of  dinner,  the  meeting  was  called  to  order  by  Win.  H. 
Bryan,  Chairman  of  the  Committee  on  Meetings  in  St.  Louis.  On 
motion  the  present  committee,  consisting  of  Wm.  H.  Bryan,  M.  L. 
Holman,  E.  L.  Ohle,  F.  E.  Bausch  and  R.  H.  Tait,  was  reelected  for 
one  year,  subject  to  the  approval  of  the  Meetings  Committee  of  the 
Society  and  of  the  Engineers'  Club  of  St.  Louis,  with  whom  meetings 
are  usually  held.  The  method  heretofore  followed  in  the  conduct 
of  local  meetings  was  approved,  and  it  was  voted  that  for  the  present 
the  meetings  continue  to  be  conducted  jointly  wi.th  the  Engineers' 
Club  of  St.  Louis.     A  general  discussion  of   ocal  business  followed. 


MEETING  OF  THE  COUNCIL 

A  meeting  of  the  Council  was  held  on  the  afternoon  of  Wednesday, 
November  9,  1910,  in  the  rooms  of  the  Society,  and  was  called  to 
order  at  3.30  p.m.  by  the  President.  There  were  present,  George 
Westinghouse,  Chas.  Wallace  Hunt,  Fred.  W.  Taylor,  Chas.  Whiting 
Baker,  George  M.  Bond,  R.  C.  Carpenter,  E.  D.  Meier,  Fred.  M. 
Whyte,  J.  Sellers  Bancroft,  James  Hartness,  I.  E.  Moultrop,  H.  G. 
Reist,  Wm.  H.  Wiley  and  the  Secretary.  Regrets  were  received  from 
W.  F.  M.  Goss,  H.  L.  Gantt,  C.  E.  Billings,  Oberlin  Smith  and  Robert 
W.  Hunt. 

The  minutes  for  the  meeting  of  October  1 1  were  read  and  approved. 

The  President  appointed  Chas.  Wallace  Hunt,  Chas.  Whiting  Baker 
and  J.  Sellers  Bancroft  tellers  to  count  the  Ballots  for  Life  Member- 
ship of  W.  F.  Mattes  of  Scranton,  Pa.,  and  S.  B.  Whiting  of  Cambridge, 
Mass.,  under  the  provisions  of  C  23  and  B  36  of  the  Constitution  and 
By-Laws.    The  President  later  announced  their  unanimous  election. 

The  Secretary  announced  the  following  deaths:  Clay  Belsley, 
Peoria,  111.,  F.  B.  Hall,  New  York,  Washington  Jones,  Philadelphia, 
Pa.,  O.  S.  Shantz,  Buffalo,  N.  Y.,  F.  M.  Wheeler,  New  York,  A.  Wil- 
kinson, Bridgeport,  Pa. 

Voted:  To  accept  the  resignations  of  John  S.  Naylor,  Henry 
Brewer,  Geo.  W.  Heald,  Jr.,  Gustav  Kaffenberger,  Fred  Nolde,  0.  S. 
Porter,  Fred.  W.  Gordon,  George  Berna,  Jarred  E.  Jones. 

Announcement  was  made  of  the  appointment  by  the  President  of 
a  Public  Relations  Committee,  under  the  provisions  of  C  45,  consisting 
of  James  M.  Dodge,  Chairman,  Robert  W.  Hunt,  D.  C.  Jackson,  J.  W. 
Lieb,  Jr.,  Fred  J.  Miller. 

Voted:  To  accept  the  reports  of  the  standing  committees  presented 
by  the  Secretary  and  that  so  much  of  these  reports  be  printed  in  the 
next  number  of  The  Journal  as  in  the  discretion  of  the  Secretary  may 
seem  proper. 

The  Secretary  read  a  letter  from  the  Third  Assistant  Postmaster 
General  granting  extension  of  time. 

Voted:  In  accordance  with  the  recommendation  of  the  Publi- 
cation Committee  to  appoint  Wm.  H.  Wiley,  Treasurer,  and  Calvin 
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W.  Rice,  Secretary,  a  committee  to  confer  with  the  Post  Office  Depart- 
ment in  Washington  with  a  view  to  establishing  our  claim  for  second 
class  entry  of  The  Journal. 

Voted:  To  refer  to  the  Publication  Committee  with  the  suggestion 
that  they  again  confer  with  Vice-President  Baker  and  report  to  the 
Council. 

The  Secretary  presented  communications  to  the  Council  in  connec- 
tion with  the  ballots  for  officers  of  the  Society. 

It  was  also  announced  that  a  committee  of  members  was  in  the 
reception  room  and  desired  to  be  permitted  to  present  the  same  matter 
to  the  Council  in  person ;  a  statement  was  made  of  the  action  which 
the  Secretary  had  taken  and  of  the  authority  under  which  he  had 
acted.  The  following  committee  of  members  was  then  invited  to  the 
Council  room:  Messrs.  H.  F.  J.  Porter,  H.  H.  Suplee,  E.  G.  Spils- 
bury,  Wm.  H.  Boehm,  H.  L.  Aldrich.  Mr.  Porter  presented  a  letter 
to  the  Council.    A  full  discussion  followed. 

Voted:  To  refer  the  matter  to  the  Executive  Committee  with  the 
request  that  that  Committee  take  advice  of  counsel  and  report  at  an 
adjourned  meeting  of  the  Council. 

Voted:    To  adjourn  subject  to  call  of  the  Executive  Committee. 

SPECIAL   MEETING 

An  adjourned  meeting  of  the  Council  was  held  on  the  afternoon 
of  Wednesday,  November  16,  1910,  in  the  rooms  of  the  Society,  and 
was  called  to  order  at  3.30  p.m.  by  Vice-President  Meier.  There 
were  present,  George  M.  Bond,  Chas.  Whiting  Baker,  James  Hart- 
ness,  F.  R.  Button,  Jno.  R.  Freeman,  E.  D.  Meier,  Jesse  M.  Smith, 
H.  G.  Reist,  Fred.  W.  Taylor,  Fredk.  M.  Whyte  and  the  Secretary. 
Regrets  were  received  from  I.  E.  Moultrop  and  J.  Sellers  Bancroft. 

The  minutes  of  the  meeting  for  November  9  were  read  and  ap- 
proved. 

Vice-Chairman  Chas.  W.  Baker  read  the  report  of  the  Executive 
Committee  on  the  matter  of  the  Ballot  for  Officers  for  the  year  1910 
1911. 

Voted:  That  the  report  of  the  Executive  Committee  be  received 
and  placed  on  file. 

The  Council  then  took  up  seriatim  the  resolutions  embodied  in 
this  report,  with  the  following  action: 

Voted:  That  after  consideration  of  the  communication  of  Novem- 
ber 7,  the  Council  deems  it  unwise  to  interfere  with  the  election  now 
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in  progress  and  directs  that  it  proceed  in  the  same  manner  in  which 
it  has  been  conducted  in  previous  years. 
Voted:    To  adopt  the  following  rule: 

35  The  tellers  of  election  in  counting  the  ballots  for  officers  shall  con- 
sider the  ballot  for  an  officer  as  valid,  provided  the  intent  of  the  voter  as 
to  that  particular  office  is  clear,  even  though  his  ballot  as  to  candidates  for 
another  office  may  for  any  reason  be  invalid. 

Voted:  That  the  Council  approves  the  form  of  ballot  distributed 
by  the  members  and  decides  that  it  is  in  conformity  with  the  Con- 
stitution and  By-Laws  of  the  Society  in  particular  with  B  14,  B  29 
and  B  30. 

Voted:  That  in  view  of  the  opinion  of  our  legal  advisor,  the  bal- 
lots which  have  been  distributed  are  in  accordance  with  the  previous 
precedents  of  the  Society  and  are  deemed  to  be  legal  ballots. 

Voted:  That  what  appears  to  be  a  discrepancy  between  the 
Charter  of  1907  and  the  existing  By-Laws  of  the  Society  in  connec- 
tion with  the  dates  of  the  Annual  Meeting  of  the  Society  be  referred 
to  the  Committee  on  Constitution  and  Bj^-Laws  for  consideration 
and  report  previous  to  the  Annual  Meeting  of  1910. 

Voted:  That  a  summary  be  made  of  the  action  taken  by  the 
Council  on  the  communications  received  by  it  in  connection  with  the 
Ballot  for  Officers,  such  summary  to  be  sent  to  each  member  who 
makes  inquiry  concerning  the  ballot,  and  also  to  the  Special  Nominat- 
ing Committee,  and  that  a  summary  be  included  in  the  account  of 
the  proceedings  of  the  Council  as  is  regularly  published  in  The 
Journal. 

Voted:  On  recommendation  of  the  Chairman  of  the  Committee  on 
Student  Branches,  that  the  formation  of  such  student  branch  at 
Rensselear  Polytechnic  Institute  be  approved. 

Voted:  To  approve  the  formation  of  a  student  branch  at  the 
Washington  University,  St.  Louis,  Mo. 

Voted:  That  the  Honorary  Secretary  be  requested  to  make  a 
report  to  the  Council  of  the  Joint  Meeting  of  the  Society  held  in 
England  during  the  past  summer. 

Voted:  To  adjourn  to  Tuesday,  December  6,  at  2.30  p.m.  and 
that  2.30  p.m.  be  the  regular  hour  for  Council  meetings  until  further 
notice. 


STUDENT  BRANCHES 

The  following  officers  have  been  elected  at  the  Brooklyn  Poly- 
technic Institute  for  the  year  1910-1911:  Chairman,  A.  L.  Palmer, 
Vice  President,  Mr.  Siebert,  Secretary,  R.  C.  Ennis,  Treasurer, 
Henry  Priester,  At  the  meeting  on  October  15,  Lester  G.  French, 
Editor  of  The  American  Society  of  Mechanical  Engineers,  spoke  to 
the  society  on  Technical  Publications.  At  the  November  5  meet- 
ing Mr.  Foster  of  the  New  York  School  of  Automobile  Engineers 
addressed  the  members. 

The  Purdue  University  Student  Branch  was  addressed  on  Novem- 
ber 2  by  Prof.  H.  0.  Garman,  of  the  Civil  Engineering  Department 
of  the  University,  on  Railway  Signalling  Devices;  and  on  Novem- 
ber 16  by  E.  C.  Clarage  of  the  Columbia  Tool  Steel  Company  upon 
Tool  Steel. 

At  the  November  meeting  of  the  Sibley  College  Student  Branch, 
David  S.  Wegg,  Jr.,  Jun.Mem.Am.Soc.M.E.,  was  elected  corre- 
sponding secretary  to  succeed  Prof.  C.  F.  Hirshfield,  resigned. 

On  Tuesday,  November  1,  I.  E.  Moultrop,  Mem.Am.Soc.M..E, 
lectured  before  the  Stevens  Engineering  Society  on  The  Design  and 
Construction  of  a  Central  Power  Station,  giving  the  latest  ideas  and 
practice  which  govern  the  location  and  equipment  of  such  a  plant, 
illustrated  by  a  number  of  slides,  including  a  remarkable  series  of 
photographs  of  Boston  taken  from  the  top  of  the  tall  chimney  of  the 
central  station.  On  November  15,  Dr.  James  P.  Haney,  lecturer 
and  director  of  art  in  the  high  schools  of  New  York  City,  addressed 
a  large  audience  on  the  advantages  of  a  knowledge  of  the  principles 
of  art  in  the  field  of  engineeering. 

At  the  first  regular  meeting  of  the  University  of  Cincinnati  on  Octo- 
ber 21,  a  talk  was  given  by  A.  L.  DeLeeuw,  Mem.Am.Soc.M.E., 
chief  engineer  of  the  Cincinnati  Milling  Machine  Company,  on 
Milling  Cutters.  This  was  illustrated  by  a  large  number  of  lantern 
slides. 
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At  the  October  meeting  of  the  University  of  Ilhnois,  A.  Bement, 
Mem.Am.Soc.M.E.,  addressed  the  membership  on  The  Coal  Problem. 

At  a  meeting  of  the  Wisconsin  Student  Branch  held  on  November 
3,  two  new  students  were  admitted  as  members.  J.  S.  Langwill 
presented  a  paper  upon  Machines  for  the  Spinning  Industry  and  E.  F. 
Week  gave  a  talk  upon  a  Projected  Water  Power  Plant  in  the  West. 


NECROLOGY 

FREDERICK    BELLOWS    HALL 

Frederick  Bellows  Hall,  Member  of  the  Society,  was  born  October 
18,  1868,  at  Boston,  Mass.  He  received  his  technical  education  at 
the  Massachusetts  Institute  of  Technology  and  after  graduation  in 
1890,  was  employed  by  the  West  End,  now  known  as  the  Boston 
Elevated  Street  Railway  Company,  as  draftsman  on  the  design  of 
their  Central  Power  Station.  The  following  year  as  chief  draftsman 
with  F.  S.  Pearson,  consulting  engineer,  Boston,  he  designed  various 
power  stations,  among  them  the  Brooklyn  City  Railroad  Company, 
Brooklyn,  N.  Y.,  Montreal  Street  Railway  Company,  Montreal  and 
Quebec,  St.  Johns  Street  Railway  Company,  St.  Johns,  N.  B.,  Halifax 
Street  Railway  and  Lighting  Company  Halifax,  N.  S.,  Chelsea  Gas 
Lighting  Company,  Chelsea,  Mass.,  Charlestown  Gas  Company, 
Boston,  Mass.,  Lawrence  Gas  Lighting  Company,  Brighton,  Mass. 
During  this  time  he  also  acted  as  superintendent  of  construction  of 
power  stations  for  the  Baltimore  Electric  Refining  Company,  Balti- 
more, Md.,  Dover  Lighting  and  Power  Company,  Dover,  N.  H.,  and 
the  Portland  Street  Railway  Company,  Portland,  Me.  He  was  sub- 
sequently employed  as  assistant  chief  engineer  of  the  Brooklyn  City 
Railroad  (Brooklyn  Rapid  Transit)  Company  in  charge  of  the  design 
and  construction  of  their  Kent  Avenue,  Southern  and  Ridgewood 
Power  Stations;  and  in  1894had  charge  of  the  design  and  construction 
of  the  main  power  station  of  the  Consolidated  Traction  Company  (now 
the  Public  Service  Corporation  of  New  Jersey),  Newark,  N.  J.  In 
1895  he  engaged  in  the  design  of  apparatus  for  the  manufacture  of 
sulphuric  acid,  and  in  the  following  year  was  employed  by  J.  H. 
Bickford  as  consulting  engineer  in  charge  of  the  design  of  a  power 
station  for  the  Steinway  Railway  Company.  In  the  same  year  he  be- 
came treasurer  and  general  manager  of  the  North  Sydney  Mining  and 
Transportation  Company,  Sydney,  Cape  Breton,  N.  S.,  leaving  there 
to  become  chief  draftsman  for  the  Riter-Conley  Manufacturing 
Company  of  Pittsburgh  in  charge  of  the  design  of  blast  furnace  and 
steel  works  for  the  Dominion  Iron  and  Steel  Company  of  Cape  Breton. 
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From  1899  to  1901  he  was  engaged  on  the  design  and  construction 
of  the  main  power  station  of  the  Manhattan  Elevated  Railway- 
Company,  New  York  City,  and  at  the  time  of  his  death,  October  27, 
1910,  was  in  the  employ  of  W.  E.  Baker  and  Company. 

WASHINGTON   JONES 

Washington  Jones,  who  died  on  July  30,  1910,  was  born  in  Phila- 
delphia, February  22,  1822,  and  became  an  apprentice  at  the  works 
of  Merrick  and  Agnew  at  fifteen  years  of  age — the  first  apprentice- 
ship taken  in  that  establishment,  it  is  said.  His  industry  and  capacity 
were  attested  by  his  advancement  to  positions  of  responsibility  there 
and  in  several  other  engineering  works  of  Philadelphia,  such  as  the 
Southwark  Foundry,  Merrick  and  Towne,  and  the  Penn  Treaty  Works 
of  the  Neafie  and  Levy  Ship  and  Engine  Building  Company.  He 
was  associated  with  the  Port  Richmond  Iron  Works  of  the  I.  P.  Morris 
Company  as  constructing  engineer  from  1856  to  1891  with  a  brief 
interruption  of  a  few  years  at  the  Southwark  Foundry,  when  he  bore 
an  important  part  in  the  productions  of  that  establishment  during 
the  Civil  War. 

Mr.  Jones  had  been  a  member  of  the  Society  since  1880.  He  was 
also  an  honorary  member  and  past  president  of  the  Engineers'  Club 
of  Philadelphia,  a  member  of  the  American  Society  of  Civil  Engineers 
and  the  oldest  surviving  member  of  the  Franklin  Institute  of  which 
he  was  vice-president  at  the  time  of  his  death. 

STILLMAN   W.    ROBINSON 

Stillman  Williams  Robinson,  Member  of  the  Society,  died  October 
31,  1910,  at  his  home  in  Columbus,  0.  He  was  born  near  South 
Reading,  Vt.,  March  6,  1838,  and  earned  the  money  to  defray  the 
expenses  of  his  early  education  and  to  prepare  himself  for  college  as 
an  apprentice  to  the  trade  of  machinist.  In  1860  he  entered  the 
University  of  Michigan,  making  his  way  to  Ann  Arbor  mostly  on 
foot  and  meeting  his  expenses  on  the  way  by  working  as  a  machinist. 
From  here  he  was  graduated  in  1863  with  the  degree  of  C.E.,  having 
supported  himself  throughout  the  college  course  by  skilled  instrument 
making,  while  there  inventing  a  machine  for  graduating  ther- 
mometers, a  work  in  which  he  was  particularly  interested.  After 
graduation  he  entered  the  government  service  as  assistant  engineer 
in  the  United  States  Lake  Survey,  remaining  until  1866  when  he 
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returned  to  his  alma  mater  as  an  instructor  in  engineering.  In  1870 
he  became  professor  of  mechanical  engineering  and  physics  in  the 
Illinois  Industrial  University,  now  the  University  of  Illinois,  estab- 
lishing the  first  department  of  mechanical  engineering  in  this  country; 
and  in  1878  was  made  dean  of  the  College  of  Engineering.  In  the 
same  year  he  was  called  to  Ohio  State  University  as  professor  of  phy- 
sics and  mechanical  engineering  and  occupied  that  chair  until  1895 
when  he  resigned  in  order  to  devote  his  time  to  his  extensive  profes- 
sional interests. 

Professor  Robinson  was  the  author  of  a  number  of  important  books 
and  papers  presented  before  various  societies.  He  also  secured  about 
forty  patents,  many  of  which  were  fundamental  and  of  great  value. 
His  inventions  were  based  upon  scientific  research  and  mathematical 
investigation  and  were  the  results  of  skillful  study.  When  the  Ohio 
gas  fields  were  first  discovered,  the  problem  of  measuring  the  volume 
of  flow  was  referred  to  Professor  Robinson  and  solved  by  him  in  his 
brilliant  application  of  the  Pitot  tube,  resulting  in  methods  now  in 
universal  use. 

His  interest  in  education  was  always  great  and  led  him  in  1890  to 
organize  an  association  composed  of  teachers  of  mechanical  engineer- 
ing which  in  1893  developed  into  the  present  Society  for  the  Promo- 
tion of  Engineering  Education.  His  interest  in  the  University  of 
Ohio  did  not  cease  with  his  retirement  and  he  made  at  various  times 
valuable  donations  to  the  equipment  of  its  department  of  mechanical 
engineering,  finally  establishing  the  Robinson  fellowship  in  engineer- 
ing as  a  permanent  foundation. 

The  following  minute  was  adopted  by  the  faculty  of  the  Ohio  State 
University,  at  its  last  meeting: 

As  a  man.  Professor  Robinson  was  an  indefatigable  worker.  There 
was  no  limit  to  his  enthusiasm  and  ambition  in  his  profession.  Per- 
sonally, he  was  modest  and  retiring,  never  claiming  credit  for  himself 
though  most  generous  in  according  it  to  his  associates.  He  was 
greatly  interested  in  the  work  of  those  around  him,  impressing  his 
own  enthusiasm  upon  the  efforts  of  both  colleagues  and  students, 
encouraging,  stimulating  and  rewarding  them.  His  memory  and 
influence  will  long  be  felt  in  the  lives  of  those  who  follow  him  and 
who  have  taken  up  his  work. 


REPORTS  OF  STANDING  COMMITTEES  TO  THE 
COUNCIL 

REPORT  OF  THE    FINANCE   COMMITTEE 

After  one  of  the  most  active  years  in  the  history  of  the  Society  your 
Committee  is  gratified  in  being  able  to  present  a  financial  report 
which  indicates  growth  and  prosperity  financially  as  well  as  techni- 
cally. 

Although  the  current  expenses  of  the  Society  were  larger  than  in 
any  time  in  its  history,  yet  as  will  be  seen  from  the  appended  reports 
the  current  income  has  met  the  expenses  in  full  and  has  enabled  us  to 
cancel  in  this  one  year  all  of  the  extraordinary  expenses  up  to  date, 
due  to  the  Joint  Meeting  with  the  Institute  of  Mechanical  Engineers 
in  England  the  past  summer,  and  also  to  add  to  our  surplus  account. 
This  has  been  made  possible  from  the  fact  that  our  excess  of  income 
over  expenses  for  the  year  was  $10,649.41. 

It  is  also  interesting  to  note  that  at  the  close  of  the  fiscal  year  our 
entire  surplus  represented  by  property  and  accounts  receivable  was 
16,433.56  greater  than  September  30,  1909. 

The  Committee  regret  to  record  that  no  specific  results  have  been 
attained  during  the  year  just  closed  in  the  direction  of  reducing  our 
mortgaged  indebtedness.  The  total  amount  received  during  the 
past  year  to  the  credit  of  the  land  fund  was  not  the  equivalent  of  one- 
fifth  of  the  interest  on  the  mortgage,  thereby  making  it  necessary  to 
look  elsewhere  to  meet  this  interest  charge. 

It  seems  to  the  Committee  that  there  is  an  urgent  necessity  for 
a  strong  effort  to  be  made  to  reduce  this  mortgaged  indebtedness 
materially  each  year  until  it  is  wiped  out,  and  the  interest  money 
thereby  made  available  for  the  extension  of  our  Society  work. 

Herewith  are  given  the  detailed  statements  of  the  financ'al  condi- 
tion of  the  Society,  together  with  the  reports  of  Peirce,  Struss  & 
Co.  of  New  York,  certified  public  accountants,  who  have  audited  the 
books  and  accounts,  and  also  a  statement  of  the  condition  of  the 
various  trust  funds  for  the  fiscal  year. 
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Peirce,  Struss  &  Co. 
Certified  Public  Accountants 
37  Wall  Street,  New  York 

October  26,  1910 
Mr.  Arthur  M.  Waitt, 

Chairman  Finance  Committee 
Dear  Sir: 

In  accordance  with  your  instructions,  we  have  audited  the  books  and  accounts 
of  The  American  Society  of  Mechanical  Engineers  for  the  year  ended  Septem- 
ber 30,  1910. 

The  results  of  this  examination  are  presented  in  three  exhibits,  attached 
hereto,  as  follows: 
Exhibit  A     Balance  Sheet,  September  30,  1910 

Exhibit  B  Income  and  Expenses  for  the  year  ended  September  30,  1910. 
Exhibit  C  Receipts  and  Disbursements  for  year  ended  September  30,  1910. 
We  beg  to  present,  attached  hereto,  our  Certificate  to  the  aforesaid  exhibits. 

Respectfully  submitted, 

Peirce,   Struss  &   Co. 

Certified  Public  Accountants 

Peirce,  Struss  &  Co. 

Certified  Public  Accountants 

37  Wall  Street,  New  York 

October  26,   1910 
Mr.  Arthur  M.  Waitt, 

Chairman  Finance  Committee 
Dear  Sir: 

Having  audited  the  books  and  accounts  of  The  American  Society  of  Mechani- 
cal Engineers  for  the  year  ended  September  30,  1910,  we  hereby  certify  that 
the  accompanying  Balance  Sheet  is  a  true  exhibit  of  its  financial  condition 
as  of  September  30,  1910,  and  that  the  attached  statements  of  Income  and 
Expenses,  and  Cash  Receipts  and  Disbursements  are  correct. 

Peirce,   Struss  &  Co. 
Certified  Public  Accountants 

EXHIBIT  A 

Balance  Sheet,  September  30,  1910 

ASSETS 

Equity  in  Societies  Building 

(25  to.33  West  39th  Street) $353  346.62 

Equity  one-third  cost  of  land 

(25  to  33  West  39th  Street) 180  000.00 

$533  346.62 

Library  Books 13  000.00 

Furniture  and  Fixtures 5  000.00 


18  000.00 
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New  York  City  3§%  Bonds  1954 

Par  135,000 30  925,00 

Cash  in  Bank  representing  Trust  Funds 11  356.59 

42  281.59 
Stores  including  plates  and  finished  publications  11  623.03 

Cash  in  Bank  for  general  purposes 3  611 .73 

Petty  Cash  on  hand 250 .  00 

3  861.73 

Accounts  Receivable 

Membership  dues 9  554 .  50 

Initiation  fees 540.00 

Sale  of  publications,  advertising,  etc 6  360.04 

16  454.54 

Advances  account  of  land  subscription  fund 9  955.22 

Advanced  payments 1829.65 

Total  Assets $637  352.38 


LIABILITIES 

United  Engineering  Society  (for  cost  of  land) $81  000.00 

Funds 

Life  Membership  Fund $35  151 . 07 

Library  Development  Fund 4  902.71 

Weeks  Legacy  Fund 1  957.00 

Land  Fund  Subscriptions 223.88 

Subscriptions  to  Annual  Meeting 46.93 

42  281.59 

Current  Accounts  Payable 2  652.33 

Membership  dues  paid  in  advance 804.25 

Initiation  fees  paid  in  advance 75.00 

879.25 

Initiation  fees  uncollected 540.00 

Appropriation  available  to  complete    Vol.    31    of 

Transactions 4  200.00 

Reserve  (Initiation  fees) 27  926.97 

Surplus  in  property  and  accoimts  receivable 477  872.24 

Total  Liabililies $637  352.38 
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EXHIBIT  B 

Income  and  Expenses  for  the  Year  Ended  September  30,  1910 

INCOME 

Membership  dues $  57  551 .79 

Sales  gross  receipts 9  210 .  25 

Advertising  receipts 24  230.26 

Interest  and  Discount 1  684.01 

$92  676.31 

EXPENSES 

Finance  Committee  Office  Administration  includ- 
ing Salaries $20  205.68 

Finance,  United  Engineering    Society 

Assessments 4  500 .  00 

Finance,  Miscellaneous 634.36 

$25  340.04 

Membership  Committee 2  350.49 

Increase  of  Membership  Committee 2.70 

§House  Committee 1  089. 16 

Library  Committee 2  491 .  46 

Meetings  Committee 

Annual  Meeting 2  394.40 

Spring  Meeting 2  028.72 

Monthly  Meetings 3  416.92 

London  Meeting 2  270.23 

$10  110.27 

Publication    Committee 

Advertising  Section  The  Journal.  11  791.32 

Journal,  except  Advertising 18  527.88 

Year  Book 2  748.73 

Revises 131.96 

Transactions  Volume  31 2  801 .  79 

— $36  001.68 

$77  385.80 

Research  Committee 100.76 

Thurston  Memorial  Committee 139.06 

Sales  Expenditures 4  401 .28 

Total $82  026.90 

*Excess  of  Income  over  Expenses 10  649  41 

$92  676.31 

SFrom  Current  Income «1 .089.16 

Reserve  Fnnd ■^.O""-"" 

Total  Expenses $4,089.10 

*0f  this  amount  $4,200.00  ia  reserved  to  complete  Volume  31  of  Transactions. 
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]<:X11IHIT  C 

J{,KCli;il'TH   AND    DlHHUUSKMlONTH   FOIl  YlOAH   I'^NDEU   HbPTKMHKII  ;{(),    l!)l() 
UIOC.'Kll'TS 

MombtirHliii)  dues $4\)  HHH.2r> 

InitiiilioM  foes (5  ;Mr).00 

Moinhorshi])    dues    and    iiiiliiUioii    fees    paid    in 

advance O'lS.OO 

Sales  of  pnI)lioati()iis,  badges,  adveii.i,siiin,  (;((;.  .  .  .  .'U  7X\.fA> 

Subscriptions  to  Land  Fund (HC). 00 

Subscri])lJ(>iis  Iti  MxpcMisci  of  Ainnial  Mcclinn- ;Ui().20 

In(,cros( 2  lGS.2;i 

.$02  050.24 

Casli  in   haidvsnnd  on  i.an.l,  Sci.l  cuihcr  ;!(l,   I'.IOO  20  G13.22 


i)isitiiitsi';Mi';N'rs 

IJiHbnrsciinents  for  jj;(Micial  purpose 04  214. 14 

Interest  on  MortuM-ge  on  L.iiid 3  240.00 

07  454.14 
Cash  in  linnks  and  on  liand,  S(^pt(>nd>('r  :{(),  1010  15  218. .S2 


l..\NI)  FUN  I) 


Subscription .  .  .171  (i()2.7fl 

In  terost 573 .  50 

Advances  from  Society .  0  055.22 

Property,  12  W.  31st  St C.ii  000.00 

$1  15   101.51 

DisnuiiHKMKN'rs 

Ai'.qui.sition  of  propi^-ty 7  071 .  11 

Mortgage 00  000.00 

Interest 27  700.02 

KurnishinM;s  and  tMiuipincnt 7  071. SI 

Ocenpancy  building,  moving  library 2  171.00 

Mxpcn.scs  of  (\.nnnitt(T..  ,  3S0.70 

Cash  on  han.l 223. SS 

115   101.51 


$112  (;72.H1 


$112  072.40 


$223. SS 
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Clish  oil   llMU.I. 

To  1)1'  niiscd.. 


A.u....n(  ol-n.,.!-!-;,-, 
Advances  by  Soriely 


•Jli.J 

.ss 

ill) 

7;{i 

.;m 

'.»() 

Of);') 

■2-2 

SI 

000  on 

1) 

1)55 

.22 

90  055,22 

LIKI'l   MIIMIUOUSIIII'    h'UNI) 

N  iiiiiIxM-  of  Life  Moinbora i)0 

Niimlicr  of  l/il'o  Associatos 0 

Nmi.l..M-..r  l/ir.'.luniorH 1 


07 

07  M.'inhcr.s  al   .flf,         $1155 

■I   Iter  (H'lil,  iaUM'csl,  on  $;{5, 151.07  luid  crodiLod   to 

iiiuip|)n)i)riiil(!d  rovoniu) $1  40(i.OI 

Amount  Oct.  1,  1010 :{5  151 ,07  ;{5  151  .07 

IdHI{.\l{\-    DhlVl'lLOl'MllN  r  KUNl) 

,\in(.mit  ()(tt.  I,  l',)0',l    .  1  OO'J  71 

Hal.'iiiccOcl.  II,  I'.IIO I   OO'J  71 

VVMl'lKS    LI'XJACY 

Amount  Oct.  1,  iOOO 1  057.00 

IJiiIancoOct.  1,  1010 1  057.00 

'rilllKS'l'ON    Ml'lMOlMAI.    KlIINl) 

Sul),s(;ri|)ti..ns.,  7S8.32 

lll^(!l■(^s( 30.47 

(!iiii(-Mt  liicoiiK!  1000  1010 139.06 


903. S5 
M.xpoiidituros 

Hronzo  Momorial H50.00 

Hodcctor  hraclcct 30.00 

liooklot 32.04 

Committeo  oxponsoH 51,85 


963.85 

ANNUAL  MKKriNO  SUBSCRTITION 

H;d;UH'(>  ill  Mm;  IhiiKl.sol'  tiu;  Local  Commi tt(-(;  uiid 

li.'ld  l.y  l.licSo(-icly  in  tru.sl,.  46,93 


$42  281.59 


26 


SOCIETY   AFFAIRS 


The  Committee  also  submits  herewith  as  called  for  by  the  By-Laws 
a  detailed  estimate  of  the  probable  income  and  expenditure  of  the 
Society  for  the  ensuing  fiscal  year: 

ESTIMATE  OF  INCOME  1910-11 

Dues $57,525 

Sales,  gross  receipts 5,000 

Interest  and  discount 475 

Advertising 25,500 


$88,500 


ESTIMATE  OF  EXPENSES   1910-11 

FROM 
CURRENT 
INCOME 

Finance  Committee $28,740 

Membership  Committee 2,450 

Increase  Membership  Committee 500 

House  Committee 600 

Library  Committee 4,500 

Meetings  Committee 9,000 

Publication  Committee 36,400 

Research  Committee 300 

Public  Relations  Committee 100 

Committee  on  Power  Tests 300 

Sales  Expenditure 3,000 

Reserve  Fund 600 


FROM 
RESERVE 


$  400 


1500 


$86,490 

Respectfully  submitted 
Arthur  M.  Waitt,  Chairman 
R.  M.  Dixon 

E.   F.    SCHNUCK 

W.  M.  Marshall 
G.  W.  Roberts 


$1900 


Finance 
Committee 


REPORT  OF  THE   HOUSE    COMMITTEE 

Your  Committee  during  the  year  has  completed  the  work  embodied 
in  the  decorative  scheme  outlined  in  its  last  report.  This  included 
the  tinting  of   the  walls   and  the  furnishing  of   now   carjiets,   new 


'Advanced  on  account  meeting  In  England  to  be  paid  out  of  current  Income. 
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draperies  and  new  furniture  in  the  entrance  hall,  Council  room 
and  library.  It  is  felt  that  these  rooms  now  present  an  attractive, 
quiet  and  dignified  appearance  appropriate  to  the  home  of  the  Society. 

Your  Committee  also  acquired  a  uniform  series  of  photographs 
of  all  the  Past-Presidents,  which  are  now  hung  upon  the  walls  of  the 
library. 

Your  Committee  has  in  mind  the  extension  of  its  original  program 
with  a  view  to  unifying  the  plan  of  decoration  in  such  of  the  rooms 
as  are  open  to  the  general  public,  and  hopes  to  carry  out  these  plans 
during  the  coming  year. 

Your  committee  further  proposes  to  secure  photographs  of  the 
Honorary  Members,  to  be  framed  in  conformity  with  the  photo- 
graphs of  the  Past-Presidents  already  hung  upon  the  walls. 

Respectfully  submitted, 

William  C.  Dickerman,  Chairman^ 
Bernard  V.  Swenson  House 

Francis  Blossom  \  Commit- 

Edward  Van  Winkle  |      tee 

H.    R.    COBLEIGH  J 


REPORT   OF   THE   LIBRARY   COMMITTEE 

No  radical  changes  have  been  effected  in  the  library  organization 
during  the  past  administration  year. 

The  libraries  of  the  three  founder  societies  are  being  operated  in 
parallel,  the  actual  library  work  being  handled  jointly  by  the  library 
staff  and  the  administration  of  the  libraries  being  conducted  under 
an  informal  Library  Conference  Committee  consisting  of  the  chair- 
man of  the  library  committees  of  the  founder  societies. 

It  is  expected  that  more  intimate  relationships  between  the  libraries 
will  be  established  in  the  near  future. 

It  is  also  expected  that  the  United  Engineering  Societies'  library 
will  be  organized  and  that  gifts  of  libraries  and  books  may  be  received 
by  it  where  they  are  not  made  a  specific  donation  to  the  library  of  one 
of  the  founder  societies. 

The  number  of  visitors  accommodated  at  the  library  shows  a  con- 
tinued increase  as  indicated  by  the  following  tabulations: 
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July 

August 

September. 


Day  Night  Total 

609  Closed  609 

560  Closed  560 

596  261  857 


1765 

261 

2026 

Night 

261 

Total 

2026 

1908 

1909 

1910 

Day 

Night 

Day 

Night 

Day 

Night 

January 

541 

148 

485 

250 

460 

286 

February 

439 

241 

533 

254 

416 

232 

March 

417 

203 

535 

280 

439 

256 

April.. 

403 

210 

529 

217 

488" 

274 

May 

400 

196 

462 

221 

454 

279 

June 

419 

136 

484 

198 

471 

239 

July 

441 

closed 

472 

closed 

609 

closed 

August 

362 

closed 

472 

closed 

560 

closed 

September 

393 

125 

434 

220 

596 

261 

October 

381 

180 

471 

238 

November 

435 

200 

479 

223 

December 

520 

441 

545 

301 

5151        2080        5901        2402        4493  1827 

Membership  cards  received 

American  Institution  Electrical  Engineers 10 

American  Society  Mechanical  Engineers 8 

American  Institution  Mechanical  Engineers 20 

Non-members 8 

46 


As  an  indication  of  the  range  of  subjects  called  for  by  visitors  to 
the  library  and  the  relative  frequency  of  consultation,  the  follow- 
ing table  may  be  of  interest,  covering  the  months  of  April-Septem- 
ber 1910. 

April  May    June    July  Aug.    Sept. 

Architecture 1  2  1  1  1 

Bibliography 2 

Biography 1  1  1 

Chemical  Technology 4  5  4  2  3  1 

Chemistry 4  4  2  12  2 

Civil  Engineering 7  15  2  2  5 

Description  and  Travel 1  1  1  1 

Electrical  Engineering 17        12        22  6        20        14 
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April  May    June   July  Aug.    Sept. 


Electricity 

Engineering  (General) 

Geology 

Hydraulic  Engineering 

Mathematics 

Marine  Engineering 

Mechanical  Engineering 

Metallurgy 

Mining  Engineering 

Miscellaneous 

Periodicals 

Physics 

Railroad  Engineering 

Railroad  Engineering  (Electrical). 


2 

9 
6 
9 
3 

23 
4 
11 

28 
2 
5 

1 

14 

10 

4 

1 

26 

11 

20 

3 

89 
2 

5 
5 

7 
2 
1 

13 
13 
9 
4 
30 
3 
1 

5 
10 

24 

16 
4 
9 
1 

39 

1 

5 

10 

22 

'>0 

2 

10 

5 

q 

27 

19 

14 

1 

16 

6 

1 

4 

49 

90 

7 

7 

5 

1 

196      125      216      105      137      215 


It  has  been  felt  that  the  appropriation  available  for  the  purchase 
of  new  books  is  inadequate  to  keep  the  library  supplied  with  the 
latest  books  of  reference. 

The  amount  expended  for  books  and  periodicals  in  1908  was 
$527.76.  An  approximately  similar  amount  will  be  expended  during 
the  current  year  and  your  Committee  in  presenting  its  request  for 
the  appropriations  for  next  year  has  submitted  a  request  that  the 
appropriation  under  this  head  be  increased  to  $1500. 

Your  Committee  has  in  preparation  a  book  plate  lor  the  Society's 
library  which  will  be  submitted  for  the  approval  of  Council  of  the 
Society  at  an  early  date. 

Respectfully  submitted, 
J.  W.  LiEB,  Jr.,  Chairman 
Ambrose  Swasey 
Leonard  Waldo 
Chas.  L.  Clarke 
Alfred  Noble 


Library  Com- 
mittee 


REPORT    OF    THE    COMMITTEE    ON    MEETINGS 

In  addition  to  the  Annual  and  Spring  Meetings  of  the  Society, 
18  additional  meetings  have  been  held.  Of  this  number  six  were 
held  in  each  of  the  cities  of  New  York,  Boston  and  St.  Louis.  Dur- 
ing 1910  and  1911  meetings  will  also  be  held  in  San  Francisco.  At  a 
number  of  these  meetings  sister  societies  and  local  engineering  organi- 
zations cooperated,  but  the  number  of  meetings  given  does  not  in- 
clude those  of  other  societies  in  which  we  cooperated. 
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It  is  the  policy  of  your  committee  to  meet  weekly,  excepting  during 
the  summer  months,  and  including  special  meetings  the  Committee 
has  practically  carried  out  this  policy  during  the  period  mentioned. 

Fifty-four  papers  and  three  topical  discussions  have  been  accepted 
and  published  in  The  Journal,  all  of  which  have  been  or  will  come 
before  meetings  of  the  Society.  These  include  eight  papers  presented 
at  the  meetings  held  at  Birmingham  and  London. 

Several  cities  other  than  New  York,  Boston,  St.  Louis  and  San 
Francisco  are  contemplating  holding  meetings,  but  they  have  not  as 
yet  reached  a  definite  conclusion. 

It  has  been  suggested  that  appropriations  be  assigned  for  meet- 
ings, based  on  the  number  of  members  accessible  to  a  locality.  For 
the  present,  however,  your  Committee  believes  that  the  Society 
should  do  all  possible  to  assist  the  membership  in  different  localities 
in  which  these  meetings  are  being  held,  to  the  limit  of  the  available 
funds. 

Your  Committee  finds  that  the  local  conditions  vary  at  the  dif- 
ferent points  and  therefore  repeats  the  suggestion  contained  in  its 
report  to  the  Executive  Committee  of  May  31,  1910,  that  after  more 
extensive  experience  of  all  the  local  committees  on  meetings  has  been 
obtained,  they,  in  cooperation  with  the  Committee  on  Meetings,  for- 
mulate such  rules  as  may  be  found  necessary  to  establish  uniformity 
in  the  conduct  of  all  local  meetings,  the  same  to  be  su])ject  to  the 
approval  of  the  Council. 

A  meeting  of  the  local  members  at  New  York  was  held  (October  31, 
1910,  for  the  recommendation  of  names  for  a  local  committee,  that 
New  York  City  may  be  organized  on  the  same  basis  as  all  other 
localities.  It  is  intended  that  this  committee,  by  the  selection 
of  some  20  assistants,  shall  also  act  as  the  entertainment  committee 
for  the  Annual  Meeting. 

Your  Committee  has  felt  for  some  time  that  the  papers  presented 
before  the  Society  have  not  been  sufficiently  diversified.  It  believes 
that  it  has  overcome  this  to  some  extent,  but  with  the  further 
o])ject  of  making  the  Transactions  of  the  Society  a  more  complete 
record  of  mechanical  engineering  progress,  a  circular  has  been  mailed 
to  the  membership  calling  their  attention  to  this  point,  which  it  is 
believed  will  result  in  materially  increasing  the  value  of  the  Trans- 
actions of  the  Society  as  a  record  of  engineering  progress.  The 
attention  given  the  circular  so  far  is  most  gratifying  and  the  member- 
ship is  to  be  congratulated  upon  the  interest  it  has  inspired. 

The  rapid  growth  of  industrial  establishments  has  developed  a 
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phase  of  mechanical  engineering — ^that  of  economic  achninistra- 
tion — which  your  Committee  feels  should  be  given  the  attention 
by  the  Society  that  its  importance  warrants.  This  branch  of  the 
profession  has  evolved  the  administrative  engineer  until  a  very  large 
percentage  of  the  profession  and  of  our  membership  is  now  occupying 
administrative  positions  in  industrial  establishments.  Your  Com- 
mittee has  had  this  question  under  attention  for  some  time,  but  until 
recently  it  did  not  feel  that  the  opportune  time  for  definite  action 
had  arrived. 

At  its  meeting,  October  7,  1910,  it  requested  the  endorsement  by 
the  Council  of  the  appointment  of  a  sub-committee  on  the  Economic 
Administration  of  Industrial  Establishments.  The  committee  is  glad 
to  have  the  Council's  approval  of  its  request  and  we  believes  the  field 
covered  by  this  sub-committee  can  be  made  one  of  the  greatest 
factors  in  our  economic  welfare. 

Permit  the  Committee  again  to  call  the  Council's  attention  to  the 
recommendation  that  it  feels  the  best  interests  of  the  Society  would 
be  subserved  by  a  closer  working  arrangement  between  the  Research 
Committee  and  the  Committee  on  Meetings. 

The  Committee  begs  to  thank  the  officers  of  the  Society  and  the 
members  of  the  office  staff  for  the  cooperation  and  assistance  it  has 
received. 

Respectfully  submitted, 

Willis  E.  Hall,  Chairman 

Wm.  H.  Bryan 

l.  r.  pomeroy 

Chas.  E.  Lucke 

H.  deB.  Parsons 
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REPORT  OF  THE  MEMBERSHIP  COMMITTEE 

During  the  current  year  the  Membership  Committee  has  held  six 
meetings,  at  which  the  total  of  337  applications  for  membership  have 
been  considered    with  the  following  results: 

Withdrawn  for  various  causes 14 

Deferred  indefinitely 17 

Recommended  for  membership 306 

Of  the  306  names  recommended  for  ballot  276  were  candidates 
for  new  membership  and  30  were  candidates  for  promotion.  The 
candidates  recommended  were  voted  for  on  two  ballots  submitted  to 
the  membership  as  follows: 
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Spring  ballot 159 

Fall  ballot 147 

The  small  number  of  names  deferred  and  the  fact  that  no  objec- 
tions have  been  received  to  the  names  placed  upon  the  professional 
service  sheets  testifies  to  the  increasing  care  taken  by  the  members 
in  filling  out  the  application  blanks,  and  to  the  careful  manner  in 
which  all  cases  are  studied  in  the  Secretary's  office  before  being  sub- 
mitted to  the  committee.  The  Committee,  however,  would  empha- 
size again  that  its  work  will  be  greatly  facilitated  and  the  standards 
of  the  Society  safeguarded  if  members  will  agree  to  act  as  proposers 
and  seconders  of  an  applicant  only  when  they  can  support  the  latter 
through  personal  knowledge  of  his  work. 

The  Committee  desires  to  report  that  the  new  rules  regarding  the 
Junior  and  the  Associate  membership  grades  put  into  effect  at  the 
spring  meeting,  have  operated  upon  the  whole  in  a  very  satisfactory 
manner,  and  in  the  judgment  of  the  committee  have  placed  the  classes 
of  membership  upon  a  basis  that  makes  for  the  best  interests  of  the 
Society. 

The  Committee  would  recommend  that  it  be  given  authority  to 
prepare  a  list  of  approved  engineering  schools  that  will  be  used  to 
interpret  the  phrase  "engineering  schools"  in  clause  C-11  of  the 
Constitution  relating  to  the  admission  of  Junior  members. 

Respectfully  submitted, 

C.  R.  Richards,  Chairman 

George  J.  Foran 

Theodore  Stebbins 

Francis  H.  Stillman 

HosEA  Webster 

report  of  publication  committee 

The  Committee  has  had  to  meet  the  constantly  growing  number 
and  length  of  papers  presented  to  the  Society  by  the  members  of  its 
annual,  monthly  and  local  meetings  by  a  very  careful  elimination 
or  condensation  of  everything  which  might  be  termed  extraneous  or 
superfluous  in  order  to  keep  within  the  confines  of  a  single  volume 
of  the  Transactions. 

Volume  31,  just  issued  for  1909,  contains  1069  pages  and  the  current 
Volume  32  embracing,  in  addition  to  the  Society  papers,  the  papers 
presented  at  the  English  meeting  will  contain  between  1500  and 
2000  pages.     This  would  be  considered  the  outside  limit  of  size. 
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The  largest  volume  heretofore  printed  was  No.  24  for  1903  which 
contained  1563  pages  and  was  thought  unwieldy,  and  yet  if  the 
growth  of  our  available  matter  continues  at  anything  like  its  present 
rate,  we  will  be  confronted  with  the  necessity  of  binding  Transactions 
in  volumes  of  about  this  size.  An  alternative  would  be  the  omission 
of  the  printing  of  the  Transactions  altogether  as  such,  thereby  avoid- 
ing the  duphcation  of  75  per  cent  of  the  reading  matter  of  The  Journal. 

This  would  be  done  by  printing  in  The  Journal  previous  to  meet- 
ings a  list  only  of  the  papers  which  will  be  read  at  the  meeting,  re- 
questing members  who  desire  to  discuss  any  particular  paper  to  send 
for  a  copy  of  it.  After  the  meeting,  The  Journal  would  publish  all 
papers  with  all  discussions  and  at  the  end  of  the  year  would  supply 
binders  in  which  all  copies  of  The  Journal  may  be  bound.  This 
volume  would  continue  the  present  series  of  Transactions.  By 
this  means  the  papers  would  be  printed  once  only  instead  of  twice 
and  the  annual  saving  to  the  Society  would  be  approximately  $5000, 
which  could  be  applied  to  making  the  Library  more  accessible  to 
members. 

Previous  to  this  year,  The  Journal  has  been  published  monthly, 
except  in  July  and  August  when  there  were  no  issues,  and  in  October 
and  November  to  accommodate  the  additional  amount  of  matter 
necessitated  by  the  Annual  Meeting  it  has  appeared  semi-monthly. 
This  year  however,  the  arrangement  has  been  changed  so  as  to  have 
it  appear  monthly  throughout  the  year. 

The  gross  and  net  cost  of  issuing  the  Society  publications  is  given 
in  the  following  tables  for  each  of  the  past  five  fiscal  years  ending 
September  30. 

EXPENDITURES 

1906-1907  1907-1908  1908-1909  1909-1910  1910-1911 

History $      95.06  43.65 

Revised  papers 182.56  523.93  131.96  300 

Year  Book  and  Pocket 

List 2  232.35      2622.57  3000.89  2748.73  3200 

Transactions 8  400.20      6100.00      6533.87     7001.79*  8600 

The  Journal 11  487.98      8425.58  20160.86  30319.20  25800 

22  120.53    17425.77    30283.20    40201. 68t        37900 

INCOME 
Advertising 11997.50    24227.26  25500 

Appropriations 22  120.53     17425.77     18265.70     15974.42  12400 

*  Approximate, 
t  Estimated. 
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It  will  be  seen  that  the  net  cost  to  the  Society  is  gradually  being 
lessened;  the  slight  increase  for  1908-1909  being  due  to  the  change  in 
the  issue  of  both  the  Year  Book  and  the  Pocket  List  to  a  combina- 
tion of  the  two  in  one. 

There  has  never  been  a  complete  cross-reference  index  of  the 
Transaction,  and  there  has  been  for  a  long  time  a  crying  need  for 
one.  Recently  the  Library  Committee  has  had  in  mind  the  indexing 
of  the  Transactions  of  all  the  Societies  and  it  will  be  necessary  to 
carry  out  a  complete  indexing  of  our  Transactions  in  this  connection. 
The  Committee  is  now  in  conference  with  the  Library  Committee  on 
the  best  method  of  cooperation  in  this  work. 

Respectfully  submitted, 

D.  S.  Jacobus,  Chairman 

H.  F.  J.  Porter 

Fred  R.  Low 

Geo.  I.  RocKwooD 

Geo.  M.  Basford 
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REPORT  OF  THE  RESEARCH  COMMITTEE 

The  last  formal  meeting  of  the  Research  Committee  was  held 
December  10,  1909.  At  that  meeting  it  was  agreed  that  it  would  be 
unwise  for  the  Committee  to  enter  at  once  upon  the  investigation  of 
problems  of  research.  It  was  agreed  that  as  a  preliminary  to  actual 
work  there  should  be  on  file  in  the  office  of  the  Secretary,  a  complete 
list  of  the  college,  commercial  and  other  laboratories  of  the  country, 
the  organization  of  which  might  permit  them  to  do  work  in  line  with 
the  purposes  of  our  Society.  In  addition  to  the  name  and  the  loca- 
tion of  the  laboratory,  it  was  proposed  to  have  the  name  and  address 
of  its  director  and  a  statement  concerning  the  extent  of  its  staff  and 
equipment,  also  a  list  of  the  subjects  which  have  been  investigated 
and  a  reference  as  to  where  the  reports  thereof  may  be  fo  nd,  a 
statement  of  the  problems  now  under  investigation,  and  a  statement 
of  the  field  of  engineering  for  which  the  laboratories  are  especially 
equipped.  The  circulars  which  have  been  sent  out  have  been  worded 
so  as  to  make  it  clear  that  the  Committee  does  not  wish  to  intrude 
itself  upon  the  activities  of  any  laboratory,  but  that  the  inquiry 
grows  out  of  a  desire  on  the  part  of  the  representatives  of  a  national 
organization  to  know  how  thoroughly  the  field  is  now  covered. 
The  responsibility  for  sending  out  these  circulars  and  for  tabulating 
the  information  obtained  was  left  with  the  Secretary  of  the  Society. 
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It  is  the  understanding  of  your  Committee  that  the  work  of  gather- 
ing this  information  is  now  practically  complete,  and  that  there  is  on 
record  in  the  Secretary's  office  all  information  along  this  line. 

It  was  also  agreed  that  the  Committee  might  properly  undertake  a 
research  concerning  the  performance  of  safety  valves,  and  a  circular 
has  been  issued  designed  to  develop  the  most  important  facts  which 
should  be  determined  concerning  the  action  of  such  valves.  These 
were  sent  to  68  safety  valve  manufacturers,  to  125  railroads  of  100 
miles  or  over,  and  to  three  large  boiler  manufacturers.  Forty-one 
replies  have  been  received.  Eighteen  have  no  information  regarding 
Pop  Safety  Valves.  Nine  of  the  replies  are  of  especial  interest  and 
have  been  abstracted   as  follows: 

The  Consolidated  Safety  Valve  Company  refers  to  Mr.  Philip  Darling's  paper 
before  the  Society  in  1909  and  to  experiments  of  Professor  Miller  of  the  Massa- 
chusetts Institute  of  Technology.  They  favor  a  high  lift  for  steam  passage. 
As  to  the  rating  of  the  various  sizes  they  favor  the  continuation  and  duplica- 
tion of  the  Darling  and  Miller  tests.  Nickel  bronze  is  favored  for  valve  seats 
and  copper  bronze  with  10  per  cent  tin  for  valves.  To  maintain  efficiency 
they  favor  keeping  the  exhaust  steam  away  from  the  spring,  and  exposure  to 
air  currents  for  cooling.  They  consider  the  aperture  has  little  effect  on  the 
capacity  but  is  an  important  element  of  the  lift.  They  suggest  experiments 
to  develop  the  effect  of  temperature  and  of  steady  loads  and  rapidly  varying 
loads,  on  springs,  also  a  study  of  the  various  rules  governing  sizes  and  design 
of  various  supervising  authorities  with  the  aim  to  develop  a  safe  and  uniform 
rule,  applicable  to  all  sizes.  They  suggest  that  many  common  faults  of  safety 
valves  be  made  the  subject  of  reports  in  boiler  inspection  service.  Railroads 
which  have  a  system  of  report  covering  engine  failures  might  also  outline  the 
most  common  troubles  with  safety  valves. 

The  Ashton  Valve  Company  refers  to  the  tests  of  Professor  Miller,  of  the 
Massachusetts  Institute  of  Technology.  They  favor  the  low  lift  from  a  practical 
standpoint  with  30  years  experience.  They  suggest  tests  determining  a  proper 
rating  of  safety-valve  boiler  based  on  the  capacity  of  relief  that  the  valve 
should  give.  They  favor  high  grade  composition  of  bronze  metal  made  of 
copper  and  tin  about  8  to  1.  Regarding  efficiency  they  make  outside  spring 
valve  with  spring  free  from  steam  exposure  for  use  where  steam  temperature 
is  over  400  deg.  fahr.  As  to  aperture  bevel  seat  valves  45  deg.  angle  give  best 
results.  Regarding  additional  facts  they  express  the  opinion  that  it  will  be 
difficult  to  establish  a  rule  adaptable  to  both  stationary  and  locomotive  boilers 
and  they  discuss  this  point  at  length. 

Crane  Company  know  of  no  reliable  data  regarding  discharge  but  refer  to 
A.  J.  Hewling's  discussion,  in  The  Journal,  June  1909.  They  are  willing  to 
submit  valves  and  take  part  in  public  tests  in  order  that  reliable  data  may 
be  had.  They  favor  high  grade  composition  of  valve  and  valve  seats  and 
state  that  they  have  no  experience  of  springs  losing  temper.  Facts  about 
the  effect  of  the  shape  of  the  apertures  have  led  them  to  adapt  a  cushion 
disc  and  spring  which  allows  the  highest  lift  practicable.     As  to  tests  they 
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suggest  that  the  committee  provide  accommodations  where  safety  valves 
may  be  tested  under  the  same  conditions  and  undermost  careful  observation. 
The  Lunkenheimer  Company  do  not  know  of  any  accurate  data  other  than  man- 
ufacturers tests.  They  favor  a  lift  of  -^  in.  to  A  in.  They  suggest  time  tests 
to  determine  the  efficiency  and  lift  of  valves  with  various  lifts  under  a  wide 
range  of  actual  service  conditions  and  pressures.  They  favor  nickel  bronze 
composition, high  percentage  of  nickel  for  the  seat  and  a  high  grade  steam  metal 
for  the  disc.  The  outside  spring  type  of  valve  is  used  to  avoid  undue  heat 
and  to  maintain  the  efficiency.  As  to  the  shape  of  the  aperture,  they  suggest 
six  points  to  be  considered.  For  research  they  suggest  the  evolution  of  a  simple 
and  practical  rule  for  determining  sizes  based  on  a  moderate  constant  lift. 

Crosby  Steam  Gage  and  Valve  Company  have  submitted  a  reply  of  some  thirty 
pages  accompanied  by  illustrations  and  catalogues.  For  data  they  refer  to 
the  Annual  Report  of  the  U.  S.  Steamboat  Inspectors,  1877,  thesis  of  Bardsley 
and  Miller,  Case  School  of  Applied  Science,  1906,  data  of  tests  referred  to  in 
Steam  Boilers  by  Professor  Peabody,  p.  240,  and  tests  now  being  made  at 
Massachusetts  Institute  of  Technology,  1910.  Regarding  the  lift  in  safety 
valves  they  cite  the  experience  of  manufacturers'  measurements  at  factories 
and  in  actual  service,  measurements  made  at  the  Massachusetts  Institute  of 
Technology,  1909.  They  suggest  fixing  standard  or  limits  of  lift,  to  insure 
durability  to  valves;  measuring  discharge  of  various  designs  of  valves  at  same 
fixed  lifts,  reporting  minimum  lift  and  discharge  which  have  been  in  past 
ample,  and  refining  characteristics  of  operation  most  desirable  in  safety  valves. 
They  favor  bronze  composition,  high  percentage  of  tin,  low  in  zinc  and  lead. 
Nickel  composition  not  to  be  endorsed.  Exposing  springs  outside  of  valve 
body  involves  friction;  encasing  spring  in  inner  chamber  involves  sticking; 
long  spindles,  large  valve  casings,  well  drained  spring  chambers  essential  with- 
out sliding  contacts.  Regarding  open  shape  of  aperture,  see  tests  of  Massa- 
chusetts Institute  of  Technology  in  Steam  Boilers  by  Professor  Peabody;  also 
tests  in  progress  at  Massachusetts  Institute  of  Technology;  also  Kent's  Pocket- 
book,  p.  724.  For  research  they  suggest  verbal  explanation  in  detail  of  essential 
characteristics  of  design  of  each  valve  as  made;  of  the  general  principles  in- 
volved, and  defense  of  engineering  reasons,  advantages  and  objections  govern- 
ing each  detail;  in  other  words,  the  engineering  "confession  of  faith"  of  each 
manufacturer  and  his  own  exegesis  of  each  article  of  it. 

Rock  Island  Lines:  W.  A.  Nettleton  knows  of  no  boiler  being  blown  up  be- 
cause the  safety  valve  fails  to  properly  relieve.  Statistics  of  Mr.  Curtis  of 
th  e  Master  Mechanics  Association  Committee  indicate  very  few  boilers  explode 
from  over  pressure,  the  majority  explode  from  low  water,  due  generally  to 
carelessness.  This  applies  to  locomotive  service  in  which  the  boiler  is  very 
closely  watched.  As  to  the  durability,  a  number  of  small  valves  are  preferable 
to  a  very  large  one.  He  is  skeptical  regarding  the  tendency  towards  a  higher 
lift.  He  has  had  no  experience  as  to  temper  of  the  spring  and  steam.  He 
assumes  spring  losses  of  elasticity  because  of  repeated  strains. 

Canadian  Pacific  Railway  Company:  Mr.  Vaughan,  Vice-President,  con- 
siders it  desirable  to  investigate  for  flat  seats  and  V-shaped  seats.  The  amount 
of  steam  flowing  per  hour  with  different  heights  of  lift,  the  height  to  which 
valves  now  in  use  lift  with  given  increments  of  pressure,  the  effect  of  various 
forms  of  coupling  devices  based  on  the  pressure  between  the  seat  of  the  valve 
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and  the  muffler,  so  as  to  attain  data  on  which  to  base  a  specification  providing 
that  a  given  diameter  should  have  a  lift  of  not  less  than  a  certain  amount  to 
the  given  increment  of  pressure  between  the  seat,  that  there  should  be  not  more 
than  a  certain  amount  of  pressure  between  seat  and  muffler  device,  that  the 
area  through  the  muffling  device  should  have  a  certain  proportion  to  the  area 
of  the  valve. 

Stirling  Boiler  Company:  Mr.  Fred  Scheffler  refers  to  the  formula  on  p.  9, 
1910  catalogue  of  consolidated  safety  valve,  with  45  degrees  beveled  seat  and 
actual  evaporation  tests.  Also  states  that  complete  data  can  be  obtained  from 
Consolidated  Safety  Valve  Company  and  the  Naval  Experimental  Station, 
Annapolis,  Md.  He  favors  composition  seats  with  twenty-five  per  cent  metal. 
Regarding  deterioration,  he  states  that  a  well-designed  spring  should  not  lose 
temper  under  saturated  steam,  and  that  an  exposed  spring  should  be  used  under 
superheated  steam.  Very  complete  information  has  been  published  by  the 
Consolidated  Safety  Valve  Company  in  their  book  entitled  Safety  Valve 
Capacity. 

Heine  Safety  Boiler  Company:  Col.  E.  D.  Meier  writes  that  experimental 
data  are  mainly  in  the  possession  of  various  firms  and  companies  which  manu- 
facture high  class  valves,  and  cites  the  Consolidated  Company,  the  Ashcroft 
Company  and  the  Ashton  Company,  who  have  recently  installed  a  boiler 
suitable  for  400  lb.  pressure  for  continuing  such  experiments.  He  states  that 
the  rules  promulgated  by  various  officials  and  societies  seem  to  be  based  on 
experiments  made  at  lower  pressure  than  current  practice.  These  rules  may 
be  deficient  because  action  of  metals  under  higher  stresses  and  higher  tempera- 
ture will  be  different  than  in  the  early  experiments.  Mr.  Geo.  H.  Musgrave 
has  had  some  experience  as  a  pioneer  and  is  an  enthusiast  on  the  subject.  There 
is  great  need  of  experimental  work  and  the  only  safe  way  for  a  scientific  settle- 
ment of  these  questions  would  be  tests  on  entirely  neutral  grounds,  i.e.,  in  the 
laboratory  of  some  well  equipped  mechanical  engineering  school  of  high  repute. 
His  company  has  to  conform  to  three  different  rules:  the  regulations  of  the 
Board  of  Supervising  Inspectors  of  Steam  Vessels;  the  Philadelphia  Boiler 
Law;  the  Boiler  Rules  of  Massachusetts.  They  give  different  dimensions  so 
designers  are  guided  by  the  locality  where  the  boiler  is  to  be  operated.  An 
important  question  is  the  limit  in  size,  that  is,  when  it  becomes  necessary  to 
put  two  or  even  three  safety  valves  on  a  boiler  in  place  of  one.  The  amount 
of  lift  has  a  bearing  on  this. 

It  may  be  deduced  from  the  above  correspondence  that  what  is 
needed  in  determining  a  method  of  rating  valves  is  not  so  much 
research  as  it  is  standardization  of  practice,  defined  by  recommenda- 
tions having  the  weight  of  the  Society  behind  them.  For  example, 
the  testimony  seems  to  show  that  valves  having  low  lift  and  high 
lift  are  operative,  and  that  advocates  of  both  are  to  be  found  among 
people  well  qualified  to  pass  opinions  on  the  operation  of  valves  in 
service.  It  may  be  that  lift  is  a  factor  which,  while  hitherto  regarded 
as  of  importance,  may  be  neglected,  and  that  its  effect  will  be  entirely 
absorbed  in  any  arrangement  which  will  secure  a  rating  of  valves  in 
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accordance  With  their  discharge  capacity.  This  and  other  general 
questions  which  have  been  developed  by  its  inquiry  will  be  considered 
at  a  formal  meeting  of  the  Committee  to  be  held  at  the  time  of  he 
next  annual  meeting  of  the  Society,  at  which  time  it  should  be  possible 
to  take  the  next  step  in  the  development  of  the  Committee  s  work. 
Respectfully  submitted, 

W.  F.  M.  Goss,  Chairman 

R.  C.  Carpenter 

R.  H.  Rice 

Ralph  D.  Mershon 

Jas.  Christie 
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MODERN  SHOE  MANUFACTURE 

By  M.  B.  Kaven,  Beverly,  Mass. 
Member  of  the  Society 
J.  B.  Hadaway\  Beverly,  Mass. 
Non-Member 

Some  of  the  earliest  forms  of  foot-wear  of  which  we  have  any  defi- 
nite knowledge  had  soles  made  of  various  materials,  such  as  wood, 
fibre  and  leather,  fastened  to  the  feet  by  thongs  or  straps.  Other 
forms  consisted  of  mere  blocks  of  wood  with  holes  in  which  to  incase 
the  feet. 

2  A  somewhat  improved  form  of  foot-wear  was  made  by  nailing 
leather  uppers  to  wooden  soles  and  such  shoes  were  often  shod  with 
iron  to  protect  them  from  wear. 

3  A  greater  amount  of  ingenuity  and  skill  was  shown  in  making 
shoes  from  pieces  of  leather,  cut  to  predetermined  shapes  and  sizes, 
which  were  sewed  together  by  hand.  This  latter  method  probably 
led  to  the  invention  of  the  shoe  last,  which  is  a  wooden  block  conform- 
ing to  the  desired  shape  of  the  shoe,  and  over  which  the  uppers  are 
molded  or  lasted  during  the  process  of  manufacture. 

4  The  most  perfect  shoe  devised  by  artisans  of  this  ancient  craft, 
previous  to  the  introduction  of  shoe  machinery,  is  undoubtedly  that 
known  to  a  few  of  this  generation  and  to  many  of  the  past  generation 
as  a  hand-sewed  shoe. 

5  The  method  of  making,  this  shoe  consists  in  first  cutting  and 
then  sewing  together  the  different  parts  of  the  upper;  next,  shaping 
the  insole  to  the  required  form  and  cutting  in  its  under  surface  near 
the  edge  a  shoulder  and  channel  to  form  a  rib  to  which  the  upper 
is  sewed.    The  insole  (see  Fig.  1)  is  then  secured  to  the  bottom  of  the 
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last,  the  upper  being  drawn  over  the  last  and  edge  of  the  insole  and 
temporarily  secured  to  the  insole  with  lasting  tacks.  With  a  sharp 
curved  awl  the  workman  makes  a  hole  at  the  breast  of  the  heel-seat 
through  the  rib  of  the  insole  and  upper  and  the  edge  of  a  narrow  strip 
of  flexible  leather  called  a  welt,  which  is  sewed  to  the  outside  of  the 
upper  along  the  edge  of  the  last  to  which  the  outsole  is  later  secured 
(see  Fig.  2). 

6  One  end  of  a  waxed  thread  about  5  ft.  in  length  is  inserted  in 
the  hole  made  with  the  awl  and  drawn  through  a  distance  equal  to 
one-half  the  length  of  the  thread.  Another  hole  is  then  made  through 
the  materials  at  a  distance  of  about  |  in.  in  advance  of  the  first  hole, 
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Fig.  1     Insole  for  Hand  Sewed_Shoe 

and  the  two  ends  of  the  thread  are  inserted  in  this  second  hole  from 
opposite  sides  and  drawn  through  tight,  thereby  uniting  the  welt, 
upper  and  insole  at  that  point,  and  forming  the  first  stitch  of  the  in- 
seam.  These  operations  are  repeated  until  the  seam  has  been  sewed 
completely  around  the  forepart  of  the  shoe,  terminating  at  the  breast 
of  the  heel  upon  the  opposite  side.  The  lasting  tacks  are  withdrawn, 
the  surplus  leather  below  the  inseam  trimmed  off,  and  the  welt  beat 
out  flat. 

7  The  outsole  is  then  cut  to  the  required  size  and  temporarily 
secured  to  the  bottom  of  the  last,  after  which  it  is  sewed  to  the  welt, 
the  seam  being  placed  a  short  distance  in  from  the  edge  and  follow- 
ing the  contour  of  the  sole.  The  stitches  of  this  seam  are  made  much 
shorter  than  those  of  the  inseam  and  for  that  reason  the  operation  is 
necessarily  slow  and  requires  great  skill. 

8  The  heel  is  built  upon  the  heel  seat  of  the  shoe  by  nailing  to  it 
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layers  of  leather  until  the  proper  height  has  been  obtained  after  which 
it  is  trimmed  to  the  required  shape. 

9  As  the  principal  operations  in  the  process  of  making  a  hand- 
sewed  shoe  have  been  described,  the  subsequent  finishing  operations 
will  not  be  explained. 

10  Fifty  years  ago  the  size  of  the  average  shoe  shop  would  not 
have  measured  more  than  12  by  15  ft.,  nor  would  the  average  number 
of  men  employed  in  each  shop  have  exceeded  three  persons.  Each 
workman  was  taught  the  whole  trade  and  was  often  required  to  select 
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Fig.  2    Hand  Sewed  Shoe 

and  cut  his  own  stock  and  make  a  complete  shoe.  The  tools  employed 
were  all  hand  implements,  even  the  grindstone  used  to  sharpen  the 
cutting  tools  being  turned  by  hand. 

11  About  this  period  men  with  inventive  minds  began  to  devise 
means  for  performing  with  machinery  many  of  the  operations  in  the 
making  of  shoes  which  were  being  done  by  hand,  and  their  efforts 
were  attended  with  marked  success.  The  most  important  machine 
developed  during  that  period  was  undoubtedly  the  McKay  sewing 
machine,  which  united  the  outsole  to  the  insole  by  a  chain-stitch  seam 
passing  through  these  two  soles  and  leaving  a  portion  of  the  seam  ex- 
posed upon  the  inside  of  the  shoe  (Fig.  3) .     It  was  therefore  necessary 
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to  insert  in  the  shoe  a  secondary  insole  or  sock-lining  to  prevent  the 
seam  from  hurting  the  feet. 

12  Other  machines  built  for  fastening  soles  to  shoes  perhaps  re- 
quired as  great  mechanical  ability  to  perfect  but  were  of  less  impor- 
tance commercially.  Among  them  was  the  pegging  machine  which 
automatically  cut  pegs  from  a  strip  of  wood  and  drove  them  through 
the  outsole  into  the  insole,  thereby  fastening  the  sole.  The  ends  of 
the  pegs  projected  through  the  insole  and  made  it  necessary  to  cut 
them  off  before  the  shoes  could  be  worn. 

13  The  screw  machine  was  also  used  to  some  extent.     It  screwed 
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Fig.  3    McKay  Shoe 

a  portion  of  a  threaded  wire  through  the  outsole  into  the  insole  and 
then  severed  the  wire  at  the  tread  surface  of  the  sole,  thus  automatic- 
ally cutting  the  wire  screw  the  exact  length  of  the  thickness  of  the 
substance  it  penetrated. 

14  The  loose-nailing  machine  drove  nails  by  a  hammer  blow 
through  the  outsole  and  insole  and  clinched  them  upon  the  inside  of 
the  shoe  by  driving  the  ends  against  an  anvil  set  in  the  end  of  a  horn 
shaped  to  enter  the  shoe. 

15  In  order  to  use  these  different  machines  it  was  necessarj^  first 
to  last  the  shoe,  tack  on  the  outsole  and  then  withdraw  the  last  in 
order  to  permit  the  horn  to  be  inserted  during  the  sole-fastening  oper- 
ation. The  greatest  defect  in  shoes  made  by  the  aid  of  these  machines 
was  that  the  different  fastening  materials  penetrated  the  tread  sur- 
face of  the  insoles  and  often  roughened  them  to  such  an  extent  as 
to  cause  discomfort  to  the  wearer. 

16  Machines  were  invented  for  performing  many  operations  pre- 


M.    B.    KAVEN    AND    J.    B.    HADAWAY 


1965 


viously  done  by  hand  but  the  paramount  object  was  to  produce 
machinery  for  making  shoes  by  the  hand-sewed  method,  since  such 
shoes  when  finished  contain  insoles  which  are  perfectly  smooth  upon 
the  inside  of  the  shoe,  and  since  they  are  more  flexible  than  those 
made  on  the  machines  previously  mentioned. 

17  Inventors  spent  much  time  and  money  in  attempting  to  per- 
fect machinery  for  making  shoes  by  this  method,  a  result  finally 
achieved  through  the  efforts  of  Mr.  Charles  Goodyear.  About 
twenty  years  ago  the  Goodyear  Shoe  Machinery  Company  placed 
upon  the  market  a  practical^inseam  sewing  machine  an  and  outsole 
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Fig.  4    Goodyear  Welt  Shoe 

stitcher.  Since  that  time  these  two  machines  have  been  greatly 
improved  upon  and  hundreds  of  them  are  now  in  daily  use  in  many 
parts  of  the  world. 

18  The  introduction  of  machinery  for  making  Goodyear  welt 
shoes  (Fig.  4)  revolutionized  the  industry.  The  small  shops  have 
been  superseded  by  large  shoe  factories  in  which  thousands  of  pairs 
of  shoes  are  made  each  working  day.  Where  formerly  one  man  made 
the  complete  shoe,  it  is  now  worked  upon  by  more  than  100  differ- 
ent operatives,  and  more  than  60  different  machines  are  used  in  the 
process. 

THE   MODERN    SHOE    FACTORY 


19     As  the  Goodyear  welt  shoe  represents  the  highest  type  of  foot- 
wear in  appearance,  comfort  and  wear  that  has  as  yet  been  produced, 
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a  description  will  be  given  of  a  modern  shoe  factory,  the  methods 
employed  and  the  machinery  used  in  the  process  of  making  them. 

20  A  modern  shoe  factory  is,  as  a  rule,  a  well-made,  four-story 
building,  well-lighted,  and  equipped  with  the  latest  sanitary  arrange- 
ments for  protecting  as  far  as  possible  the  health  of  the  workmen. 
The  power  plant  is  installed  in  a  one-story  building  outside  the  main 
building  midway  its  length. 

21  Steam  is  generally  used  to  generate  power  and  furnish  heat 
electricity  for  lighting  purposes;  and  the  automatic  sprinkler  system 
to  protect  the  building  and  contents  from  fire.  The  factory  is  also 
equipped  with  the  automatic  fire  alarm,  and  with  elevators,  suitable 
stairways  and  fire  escapes. 

22  An  exhaust  fan  system  is  used  to  extract  the  dust  and  dirt 
from  the  different  departments  in  which  abrasive  and  trimming  ma- 
chines are  used.  This  dirt  is  conveyed  to  a  receptacle  near  the  power 
house  from  which  it  is  taken  and  burned  under  the  boilers. 

23  The  first  floor  is  divided  into  a  sole-leather  stock  room  and  a 
sole-leather  cutting  room;  the  general  offices,  the  finishing  room, 
treeing  and  dressing  room,  and  the  packing  and  shipping  room  are 
located  upon  the  second  floor;  and  the  entire  third  floor  is  used  as  a 
making  room.  The  fourth  floor  is  divided  into  the  upper-leather 
stock  room,  the  upper-leather  cutting  room  and  the  stitching  room. 


MACHINES   AND    OPERATIONS 

24  When  orders  are  received  at  the  factory,  they  are  recorded 
in  an  order  book  and  given  a  number,  and  each  lot  made  under  that 
order  is  designated  by  a  case  number.  Tags  bearing  order  numbers, 
together  with  the  details  affecting  the  preparation  of  the  stock,  are 
sent  to  the  cutting  and  sole  leather  rooms.  Work  sheets  are  daily 
sent  to  all  of  the  different  departments  designating  the  work  required 
of  each  for  that  day. 

25  The  first  operations  in  the  making  of  shoes,  which  consist  of 
cutting  the  upper  leather  and  linings  into  the  required  shapes  and 
sizes,  are  performed  in  the  cutting  room.  Formerly  all  such  opera- 
tions were  done  by  hand  by  workmen  who  laid  patterns  upon  the 
leather  and  then  drew  a  sharp  knife  along  their  edges,  thereby  cutting 
the  leather  to  conform  to  them;  but  to-day  this  work  is  done  upon  a 
clicking  machine,  provided  with  a  cutting  board  very  similar  to  those 
used  by  the  hand  workmen.    Extending  above  the  cutting  board  is 
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a  beam  which  can  be  swung  over  any  portion  of  the  board  and  which 
is  secured  to  a  vertical  shaft  connected  at  one  end  by  an  eccentric 
strap  surrounding  an  eccentric  upon  the  driving  shaft  of  the  machine. 
The  eccentric  shaft  is  driven  by  a  single  revolution  clutch  to  impart 
to  the  beam  a  predetermined  downward  and  upward  movement. 

26  The  skin  to  be  cut  is  laid  upon  the  board  and  the  operator 
places  a  die  upon  it.  Grasping  a  handle,  which  is  connected  to  the 
beam,  he  causes  the  latter  to  swing  over  the  die  and  by  a  downward 
pressure  of  the  handle  causes  the  clutch  to  operate  so  as  to  bring  the 
beam  downward  and  press  the  die  through  the  leather.  As  soon  as 
this  is  accomplished  the  beam  returns  to  its  full  height  and  is  auto- 
matically swung  sideways  from  over  the  die. 

27  The  dies  used  are  but  f  in.  in  height  and  of  very  light  weight. 
The  tops  of  these  dies  are  left  open  and  the  opening  is  substantially 
the  same  size  and  contour  as  the  pieces  of  leather  cut  with  them,  thus 
enabling  the  operator  to  see  clearly  the  entire  surface  of  the  leather 
he  is  cutting  out.  It  is  obvious  that  pieces  of  leather  cut  with  any 
given  die  must  be  identically  the  same  in  shape.  After  the  different 
parts  required  for  each  lot  have  been  cut,  they  are  tied  in  separate 
bundles  and  the  lot  number  marked  upon  the  top  piece  in  each. 

28  The  edges  of  the  parts  which  show  on  the  finished  shoe,  such 
as  vamps,  tips,  quarters,  etc.,  must  be  skived  with  either  a  shoulder 
or  beveled  edge  upon  the  flesh  side.  This  work  is  generally  performed 
by  a  skiving  machine,  by  which  the  edge  of  the  piece  of  leather  to  be 
skived  is  fed  by  feed  rolls  and  held  by  peculiarly  shaped  guides  against 
the  edge  of  a  sharp  revolving  disc  which  cuts  the  edge  to  the  desired 
bevel,  irrespective  of  the  curves  and  angles  in  the  edge  of  the  piece 
of  leather  operated  upon. 

29  The  pieces  which  have  been  skived  are  fed  through  a  machine 
which  deposits  an  even  coating  of  cement  upon  the  skived  surfaces. 
After  the  cement  has  dried  to  the  proper  degree  the  skived  edges  are 
folded  upon  a  folding  machine,  which  turns  back  the  edge  about 
y\  in.  and  folds  it  down  upon  the  balance  of  the  skived  portion. 

30  It  will  be  observed  that  when  the  edges  of  leather  having  a 
grain  surface  have  been  skived,  cemented  and  folded  in  the  manner 
described,  they  will  present  a  very  even,  smooth  and  finished  appear- 
ance. It  may  be  well  to  add  that  the  folding  machine  is  provided 
with  a  knife  for  cutting  slits  in  that  portion  of  the  edge  which  is  folded 
over  in  order  to  make  such  leather  lie  down  smoothly  when  folding 
curved  edges. 

31  The  ornamental  perforations  cut  along  the  edge  of  the  toe 
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cap  are  generally  made  by  a  power  press,  fitted  with  a  die  containing 
a  multiplicity  of  punches  for  cutting  all  the  perforations  simulta- 
neously. It  is  necessary  to  use  a  stripper  plate  with  such  dies  in  order 
to  withdraw  the  punches  from  the  leather.  The  punches,  which  are 
hollow,  cut  against  a  paper  band  supported  by  the  bed  of  the  machine. 
A  portion  of  the  band  is  fed  after  each  perforation,  in  order  that  a 
new  surface  may  come  under  the  die  for  the  next  cutting.  This 
method  insures  perfect  work. 

32  Another  form  of  perforating  machine  is  one  used  for  long  and 
irregular  curved  pieces.  It  is  provided  with  a  spindle  which  carries 
one  or  more  small  tools  to  perforate  the  work  and  feed  it  a  prede- 
termined distance.  These  operations  are  repeated  until  the  work  has 
been  perforated  the  required  distance. 

33  On  one  of  the  top  linings  of  each  shoe  is  stamped  the  case 
number,  width  and  size,  by  a  special  stamping  machine  made  for  the 
purpose. 

34  After  all  parts  of  the  upper  have  been  prepared  in  accordance 
with  the  instructions  on  the  tag  for  this  department,  and  assembled, 
they  are  forwarded  to  the  stitching  room.  Here  the  different  parts 
of  the  upper  are  united. 

35  The  stitchers,  the  majority  of  whom  are  women,  are  divided 
into  different  classes,  and  while  the  lining  stitchers  are  making  the 
various  styles  of  linings,  others  are  at  work  stitching  tips  to  vamps, 
ornamenting  tops  with  fancy  stitching,  closing  backs  of  vamps  and 
tops  and  back-staying  the  same,  working  button  holes  on  the  button- 
hole machine,  and  performing  other  operations  according  to  the  style 
of  shoe  manufactured.  When  the  tops  and  vamps  have  been  made 
ready,  they  are  stitched  together  on  a  cylinder  vamping  machine, 
an  operation  requiring  skill  and  accuracy  as  the  success  of  the  future 
making  of  the  shoe  depends  greatly  upon  the  work  of  the  vamper. 
In  the  stitching  room  are  performed  many  other  minor  operations, 
such  as  cementing,  rubbing  seams,  strap  making,  etc.,  all  of  which 
require  deftness  and  dexterity. 

36  In  this  room  is  also  used  the  duplex  eyeletting  machine,  which 
eyelets  both  sides  of  the  shoe  at  one  time  with  bewildering  rapidity. 

37  The  next  and  last  operation  performed  in  this  department  is 
the  lacing  of  the  upper  upon  the  lacing  machine,  which  passes  strong 
twine  through  the  eyelets,  lacing  five  pairs  and  tying  the  two  ends 
of  the  twine  together  at  a  single  revolution.  Tliis  is  done  so  that  all 
parts  of  the  shoe  upper  will  be  held  in  their  normal  jiosition  while 
the  shoe  is  being  made. 
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38  With  the  coinpletion  of  this  operation  the  i)reparation  of  the 
shoe  upper  is  finished  and  the  different  lots  with  their  tags  sent  to 
the  making  or  bottoming  room;  there  to  meet  the  different  sole  leather 
portions,  which  in  the  meantime  have  been  prepared  in  the  sole  leather 
room  in  accordance  with  the  instructions  written  upon  the  tags. 

39  The  outsoles  are  cut  from  sides  of  leather  on  large  dieing-out 
machines,  which  press  heavy  dies  through  the  leather,  or  are  roughly 
cut  from  strips  of  leather  on  a  block  sole  cutting  machine.  The  heavy 
firm  portions  of  the  hide  which  will  bear  the  greatest  amount  of  wear 
are  used  for  outsoles  and  top  lifts  of  heels,  while  the  coarser  and  more 
flexible  portions  are  used  for  insoles,  taps,  counters,  toe  boxes,  welting 
and  heel  lifts.  These  outsoles  are  fed  through  a  rolling  machine  where 
they  are  subjected  to  many  tons  of  pressure  between  heavy  rolls,  to 
solidify  the  leather  and  increase  the  wear;  and  are  then  fed  through 
a  splitting  machine  which  reduces  them  to  an  absolutely  even  thick- 
ness. The  shank  portions  are  reduced  on  a  skiving  machine  in  order 
to  give  the  edges  a  better  appearance  in  the  finished  shoe. 

40  The  insoles  are  trimmed  to  an  exact  size  on  a  rounding  machine 
in  which  the  roughly  died-out  pieces  of  leather  are  held  between 
clamps,  one  of  which  is  the  exact  pattern  of  the  sole.  The  pattern 
and  sole  are  held  in  a  stationary  position,  while  the  knife  which 
trims  the  sole  is  secured  to  a  yielding  carrier  completely  encircling 
the  sole,  and  the  cutting  edge  of  the  knife  follows  the  contour  of  the 
pattern.  They  are  then  fed  through  the  channeling  machine,  pro- 
vided with  two  knives,  one  of  which  cuts  a  slit  along  the  edge  of  the 
insole,  and  the  other  a  channel  in  the  flesh  surface  a  short  distance  in 
from  the  edge.  A  lip  turning  machine  is  used  to  turn  the  lips  over 
against  the  flesh  surface  of  the  insole  to  form  a  shoulder,  against  which 
the  upper  is  lasted,  and  to  which  the  upper  and  welt  are  later  sewed. 

41  The  toe  boxes  and  counters  are  cut  with  dies  to  the  required 
sizes  and  skived  on  a  special  skiving  machine  which  reduces  their 
edges  to  a  knife-edge  thickness.  The  object  of  so  shaping  them  is  to 
prevent  their  edges  from  forming  lines  which  otherwise  would  show 
in  the  finished  shoe. 

42  The  heels  to  be  used  upon  these  shoes  are  formed  of  different 
lifts  of  leather  cemented  and  nailed  together  in  a  heel-building 
machine,  and  placed  in  layers  in  a  press,  subjected  to  sufficient  pres- 
sure to  hold  them  flat  until  the  cement  sets  or  hardens.  The  top 
lifts,  which  are  later  attached  to  the  heel,  are  compressed  in  a  soecial 
machine  under  many  tons  of  pressure  to  solidify  them,  thus  greatly 
increasing  their  wearing  qualities. 
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43  The  first  work  in  the  bottoming  room  is  the  selection  of  the 
lasts  required  for  each  lot  of  shoes,  after  which  the  insoles  are  auto- 
matically tacked  to  the  bottoms  of  the  lasts  by  means  of  the  insole 
tacking  machine.  It  is  necessary  to  bevel  slightly  the  edges  of  the 
heel-seats  of  the  insoles  after  tacking,  to  conform  to  the  curves  of  the 
last.  This  operation  is  preformed  by  a  recently  invented  machine, 
provided  with  a  rotary  cutter  and  novel  guiding  means. 

44  The  toe  box  or  stiffening  is  now  pasted  between  the  toe  tip 
and  the  lining  of  the  upper  and  the  counter  placed  between  the  heel 
portion  and  lining.  The  last  is  placed  inside  the  upper  and  put  upon 
the  spindle  of  the  assembling  machine,  which  drives  a  tack  in  the 
back  of  it  to  bring  the  heel  portion  of  the  upper  and  counter  into 
position,  and  folds  a  portion  of  the  counter  and  upper  over  the  edge 
of  the  last  and  insole,  securing  them  by  an  additional  tack. 

45  The  upper  in  this  condition  upon  the  last  is  passed  to  the  oper- 
ator of  the  puUing-over  machine.  This  is  one  of  the  most  important 
machines  in  the  process  of  making  shoes,  for  the  parts  of  the  shoe 
upper  have  been  cut  to  conform  exactly  to  the  shape  of  the  last,  on 
which  they  must  be  correctly  placed  to  secure  the  desired  results. 
The  pincers  of  the  machine  grasp  the  leather  at  different  points  on 
each  side  of  the  toe;  and  the  operator,  standing  where  he  can  see 
when  the  upper  is  exactly  centered,  presses  a  foot  lever  causing  the 
pincers  to  close  and  draw  the  leather  securely  against  the  wood  of  the 
last.  At  this  point  the  operator  stops  the  machine  and  by  moving 
different  hand  levers  which  control  the  pincers  he  is  able  to  adjust 
accurately  each  part  of  the  shoe  upper  to  the  position  intended  for 
it.  The  foot  lever  again  being  pressed,  the  pincers  move  towards 
each  other,  drawing  the  leather  securely  over  the  last  and  at  the  same 
time  automatically  driving  three  tacks  on  each  side  and  one  at  the 
toe,  which  hold  the  uppers  securely  in  position. 

46  The  assembled  parts  attached  to  the  last  are  now  ready  for 
the  lasting  process,  which  is  one  of  the  most  difficult  operations  to 
perform  properly,  and  for  which  two  types  of  machines  are  used. 

47  The  bed  type  of  machine  is  usually  employed  to  last  the  toe 
and  heel  portions,  while  the  type  known  as  the  "hand-method"  welt- 
lasting  machine  is  used  to  last  the  sides,  although  in  some  instances 
it  is  used  to  last  the  whole  shoe.  The  former  type  is  provided  with 
a  series  of  wipers  which  draw  the  leather  from  all  directions  over  the 
edge  of  the  insole  about  the  toe  and  heel  portions  in  a  very  smooth 
and  efficient  manner.  Before  releasing  these  wipers,  the  leather  is 
secured  in  position  upon  the  last  by  a  piece  of  fine  wire  passed  about 
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the  toe  and  secured  at  each  end  by  tacks,  the  crimples  of  the  sur- 
plus leather  preventing  it  from  shpping.  The  surplus  leather  crimpled 
in  at  the  heel  is  forced  smoothly  down  against  the  insole  and  held 
there  by  tacks  driven  by  a  hand  tacking  machine,  in  which  there  is  a 
constantly  renewed  supply. 

48  The  hand-method  machine  which  is  used  for  lasting  the  sides 
takes  its  name  from  the  almost  human  way  in  which  it  performs  its 
work.  It  draws  the  leather  with  pincers,  evenly  and  tightly  about 
the  last,  and,  while  held  in  position,  tacks  are  automatically  driven 
into  the  last  a  portion  of  their  length  to  hold  the  edge  of  the  upper 
exactly  in  place.  After  the  shoe  has  been  lasted  it  is  necessary  to 
keep  it  in  that  state  for  a  few  hours  so  that  the  leather  may  retain 
the  shape  to  which  it  has  been  stretched. 

49  There  is  also  left  a  surplus  amount  of  leather  and  lining  at 
the  toe  and  along  the  sides  of  the  shoe  projecting  over  the  edge  of 
the  insole  which  must  be  removed.  This  is  done  by  the  use  of  the 
upper-trimming  machine,  provided  with  both  a  rotary  and  an  oscil- 
lating knife  which  cut  very  smoothly  and  evenly. 

50  On  the  heel  portion  of  the  shoe,  the  tacks  are  driven  through 
the  insole  and  clinched  on  the  iron  heel  of  the  last,  but  elsewhere 
they  are  driven  only  part  way  in,  so  that  they  may  afterward  be 
withdrawn  and  leave  the  inside  of  the  shoe  perfectly  smooth.  They 
are  removed  by  the  tack  pulling  and  resetting  machine,  which  is 
provided  with  a  pair  of  jaws  which  grasp  the  tack  beneath  the  head, 
withdraw  it,  and  then  throw  it  into  a  tube  leading  to  a  receptacle 
at  the  back  of  the  machine.  This  device  is  also  provided  with  a 
mechanism  for  driving  special  soft  wire  tacks  automatically  through 
the  upper  and  into  the  rib  of  the  insole,  temporarily  holding  the  upper 
in  place  during  the  sewing  operation. 

51  A  narrow  groove  is  cut  in  the  welt  a  short  distance  from  its 
edge  to  receive  the  thread  of  the  inseam,  and  the  insoles  are  moist- 
ened preparatory  to  being  sewed  on  the  Goodyear  welt  sewing 
machine  (Fig  6),  from  which  these  shoes  derive  their  name.  The 
operation  of  this  machine,  as  previously  stated,  consists  of  sewing  the 
welt  and  upper  to  the  insole, 

52  After  the  shoe  has  been  sewed,  the  surplus  leather  above  the 
insean  is  trmimed  off  by  the  inseam  trimming  machine,  to  Dermit 
the  outsole  to  lie  flat  against  the  seam.  The  knife  which  does  this 
trimming  is  saucer  shaped  and  runs  at  a  high  rate  of  speed. 

53  The  ends  of  the  welt  are  skived  to  a  knife  edge,  after  which 
it  is   beaten  out  on  the  welt  beater,  in  which  a  hammer   vibrates 
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very  rapidly  under  a  yielding  pressure.  The  welt  so  treated  stands 
out  flat  from  the  edge  of  the  shoe.  As  it  is  bent  about  the  toe  during 
the  sewing  operation,  it  has  a  natural  tendency  to  draw  more  tightly 
at  that  place,  and  this  strain  is  relieved  by  a  knife  in  the  beating 
machine  which  cuts  diagonal  slits  in  the  edge  of  the  welt  at  that  point 
and  is  under  the  control  of  the  operator.  The  tacks  which  fasten 
the  insole  to  the  last  are  now  removed  by  the  insole  tack-pulling 
machine,  and  the  bottoms  of  the  shoes  are  filled  with  a  preparation 
made  of  ground  cork  and  rubber  cement,  which  prevents  the  pene- 
tration of  moisture  in  damp  weather. 

54  A  steel  shank  is  tacked  to  the  shank  portion  of  the  shoe  to 
support  the  arch  of  the  foot  and  to  help  keep  the  shoe  in  shape. 

55  The  bottom  of  the  shoe  and  of  the  welt  now  receive  a  coating 
of  rubber  cement.  This  cement  is  contained  in  an  air-tight  tank, 
so  that  there  is  very  little  waste  through  evaporation,  which  when 
applied  by  hand  is  excessive.  It  is  appHed  by  means  of  a  revolving 
brush,  which  takes  its  supply  of  cement  as  required  and  in  this  way 
gives  an  even  coating  of  any  desired  thickness. 

56  The  flesh  surface  of  the  outsole  also  receives  a  coat  of  rubber 
cement  and  is  allowed  to  dry  to  the  required  degree,  after  which  it 
is  stuck  to  the  bottom  of  the  prepared  shoe  by  the  twin  sole-laying 
machine,  which  is  provided  with  a  rubber  pad  or  mold  which  has 
been  made  to  conform  to  the  curves  in  the  sole  of  the  shoe.  After 
placing  the  shoe  on  the  spindle  suspended  from  the  upper  part  of 
the  machine  directly  over  the  rubber  mold,  the  sole  with  its  cemented 
surface  is  pressed  against  the  bottom  of  the  shoe,  and  the  operator 
by  pressing  a  foot  lever  causes  the  shoe  to  descend  into  the  mold. 
By  pressing  a  second  lever,  additional  pressure  is  brought  to  bear, 
forcing  every  portion  of  the  sole  against  the  bottom  of  the  shoe  and 
welt.  Here  it  is  allowed  to  remain  for  a  sufficient  length  of  time  for 
the  cement  to  set  properly.  Meanwhile  the  sole  of  another  shoe  is  laid 
in  a  similar  manner  in  the  duplicate  or  twin  portion  of  the  machine. 

57  The  next  operation  is  that  of  trimming  the  edge  of  the  sole 
and  welt  to  the  shape  required.  This  work  is  performed  on  the  rough 
rounding  and  channeling  machine.  As  it  is  often  desired  to  have 
the  edge  extend  further  on  the  outside  of  the  shoe  than  it  does  on 
the  inside,  and  generally  to  have  the  shank  portion  trimmed  some- 
what closer  than  the  forepart  edges,  this  machine  is  provided  with 
automatic  means  for  performing  such  operations.  Simultaneously 
with  the  rounding  op  .^ration  the  machine  cuts  a  channel  along  the 
edge  of  the  sole  (Fig.  5). 
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58  After  the  completion  of  this  operation,  the  shoe  is  taken  to 
the  loose  nailing  machine,  which  drives  small  nails  automatically 
through  the  heel-seat  of  the  outsole  and  insole,  chnching  them  against 
the  iron  plate  upon  the  heel  of  the  last,  thus  securely  fastening  that 
portion  of  the  sole.  The  latest  improved  type  of  this  machine  is 
capable  of  driving  1400  nails  per  rain.,  but  the  average  operator  is 
incapable  of  operating  the  machine  at  much  more  than  one-half  its 
capacity  upon  many  kinds  of  work. 

59  The  surplus  portion  of  the  sole  about  the  heel-seat  is  trimmed 


Extension  Edge, 
Line  of  last  -,       / 
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Channel  Flap-^ 

Fig.  5    Outsole  of  Goodyear  Welt  Shoe 
illustrating  xbe  relative  contour  of  last  and  outsole 

off  on  the  heel  seat-rounding  machine.  The  lip  of  the  channel  cut 
by  the  rough  rounding  and  channeling  machine  is  turned  up  by  the 
channel-opening  machine,  which  has  a  peculiarly  shaped  revolving 
tool  for  the  purpose. 

60  The  outsole  is  now  sewed  to  the  welt  by  the  outsole  rapid 
lockstitch  machine.  The  stitched  seam  extends  from  the  root  of 
the  channel  cut  in  the  outsole  through  to  the  surface  of  the  welt, 
where  the  stitches  show  after  the  shoe  has  been  finished.  This 
machine,  which  is  fitted  with  a  curved  awl  and  needle  to  sew  with 
hot  waxed  thread,  is  capable  of  sewing  very  closely  to  the  upper  of 
the  shoe,  irrespective  of  the  many  curves  in  the  last.  It  contains  a 
rotary  shuttle  to  carry  the  bobbin  which  forms  the  lockstitch,  and 
is  provided  with  a  takeup  thread-measuring  device,  and  other  suit- 
able thread-handling  instrumentalities.  The  lockstitch  seam  which 
it  forms  is  very  durable  and  holds  the  outsole  securely,  even  after  the 
connecting  stitches  have  worn  off. 
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61  Ihe  channel  lip  of  the  outsole  is  now  forced  into  its  former 
position  to  cover  the  stitches.  By  the  channel  flap-laying  machine, 
in  which  a  rapidly  revolving  wheel  provided  with  a  peculiar  arrange- 
ment of  flanged  projections  forces  the  leather  smoothly  and  evenly 
back  into  place. 

62  The  shoe  is  now  ready  for  the  sole  leveling  operation,  which 
is  performed  in  the  automatic  sole-leveling  machine,  so  nearly  auto- 
matic in  every  particular  that  all  the  operator  is  required  to  do, 
apart  from  the  making  of  adjustments  for  different  styles  of  shoes, 
is  to  jack  and  unjack  them.  The  machine  is  provided  with  two 
jacks,  on  one  of  which  the  operator  places  the  shoe  to  be  leveled, 
after  which  it  is  passed  automatically  beneath  a  vibrating  roll  under 
heavy  yielding  pressure.  This  roll  is  controlled  by  a  cam-actuated 
mechanism  which  causes  the  roll  to  tip  so  as  to  level  the  sole  to  the 
required  form.  At  the  completion  of  the  leveling  operation  the 
jack  which  supports  the  shoe  is  returned  to  its  first  position  ready 
for  the  shoe  to  be  taken  from  the  machine,  a  shoe  having  mean- 
while been  secured  upon  the  second  jack  and  forced  forward  into  the 
machine  to  be  leveled. 

63  The  heel  of  the  shoe  is  now  nailed  in  place  by  the  heeling 
machine,  which  performs  its  work  very  rapidly  and  perfectly.  The 
shoe  is  placed  in  position  on  a  jack  and  the  heel  nails,  which  have 
been  set  in  the  holes  of  a  plate,  are  swung  into  position  exactly  over 
the  heel  and  automatically  dropped  into  a  die  containing  holes  cor- 
responding to  the  places  where  the  nails  are  to  be  driven.  On  pressing 
a  foot  lever  all  the  nails  are  driven  at  one  time  through  the  heel,  the 
upper  and  the  insole  and  are  clinched  upon  the  inside  of  the  shoe. 
The  heads  are  left  slightly  protruding  above  the  heel  so  as  to  retain 
the  toplift  which  is  now  placed  in  position.  The  operator  again  pres- 
ses the  foot  lever  and  the  machine  presses  the  toplift  down  over 
the  heads  of  the  nails.    This  operation  is  called  blind  nailing. 

64  The  shoe  is  next  taken  to  the  slugging  machine,  which  drives 
short  pieces  of  wire,  called ''slugs,"  in  and  about  the  edge  of  the  top- 
lift  to  protect  it  from  wear.  This  machine  will  automatically  drive 
and  cut  from  a  continuous  coil  of  wire  as  many  as  1000  slugs  per 
minute. 

65  The  heel  is  trimmed  by  the  heel-trimming  machine,  in  which 
a  set  of  very  rapidly  revolving  knives  cut  away  all  the  rough  and 
surplus  portions  of  leather,  leaving  the  edge  of  the  heel  quite  smooth 
and  the  exact  contour  intended.     Since  the  toplift  is  the  exact  size 
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of  the  bottom  of  the  heel,  it  is  used  as  a  guide  by  the  operator  when 
trimming,  as  is  also  the  edge  of  the  heel-seat  of  the  shoe. 

66  The  breast  of  the  heel,  or  that  portion  which  extends  over  the 
sole  at  the  shank,  is  trimmed  on  the  heel-breasting  machine.  The 
cut  may  be  made  straight  across  or  concave,  and  with  the  required 
slant.  The  shoe  is  placed  upon  the  jack  of  the  machine  and  the 
tread  surface  of  the  heel  forced  against  a  plate  to  support  the  heel 
during  the  descent  of  the  knife,  which  cuts  smoothly  through  each 
lift  of  leather  to  the  exact  point  at  which  the  heel  is  joined  to  the  out- 
sole,  but  without  cutting  into  it.  The  curve  of  the  knife  exactly 
conforms  to  the  rounded  form  of  the  shank  portion  of  the  sole. 

67  The  edges  of  the  heel  are  now  scoured  on  the  heel-scouring 
machine  to  make  them  perfectly  smooth  and  even.  This  machine 
has  two  rolls  on  which  molded  sandpaper  is  fastened,  conforming 
exactly  to  the  contour  of  the  heel.  These  rolls  are  driven  at  a  rapid 
rate  of  speed,  the  leather  dust  scoured  from  the  heels  being  taken 
away  by  the  exhaust-fan  system  previously  mentioned. 

68  It  now  becomes  necessary  to  rand  or  trim  away,  at  a  slight 
bevel,  a  portion  of  the  surface  of  the  welt  outside  the  line  of  stitch- 
ing which  fastens  the  sole  to  the  shoe,  in  order  that  subsequent  oper- 
ations in  the  making  of  the  edge  may  be  properly  performed.  The 
beveled  portion  of  the  welt  is  rubbed  down  hard  and  smooth  to  make 
it  retain  its  shape.  These  two  operafons  are  performed  on  the  trim- 
ming and  rubbing  machine,  in  the  head  of  which  are  two  shafts 
which  revolve  at  a  high  rate  of  speed.  Upon  one  is  mounted  a  thin 
beveled  cutter,  protected  at  its  periphery  by  a  guard  to  prevent  its 
cutting  the  stitches  of  the  seam.  The  second  shaft  is  fitted  with  a 
serrated  rubbing  wheel  for  rubbing  the  surface  of  the  welt."' 

69  Water  is  now  applied  by  means  of  a  brush  to  moisten  the  welt 
preparatory  to  separating  the  stitches,  in  which  operation  indenta- 
tions are  made  in  the  leather,  crosswise  of  the  welt,  in  the  intervals 
between  the  stitches,  for  the  purpose  of  giving  to  the  surface  of  the 
welt  an  ornamental  finish.  This  work  is  performed  on  the  stitch- 
separating  machine,  and  is  provided  with  a  feed  shde  upon  which  is 
mounted,  by  connected  mechanism,  a  tool  post  to  hold  the  stitch- 
separating  tool.  The  feed  slide  has  imparted  'to  it  a  predetermined 
positive-feeding  movement,  adjusted  to  correspond  to  the  longest 
stitch  in  the  seam  to  be  separated.  The  tool,  however,  feeds  the 
work  each  time  a  distance  equal  to  the  exact  length  of  the  stitch  sep- 
arated, whether  it  be  of  uniform  or  of  varying  length. 

70  This  result  is  accomplished  by  bringing  the  point  of  the  sep- 


1976  MODERN  SHOE  MANUFACTURE 

arating  tool  against  the  surface  of  the  seam  with  a  yielding  pressure, 
and  then  vibrating  the  tool  lengthwise  of  the  seam  to  cause  its  point 
to  enter  the  interval  between  the  stitches.  Further  vibrating  move- 
ment, after  the  tool  has  been  located  in  the  interval  between  the 
stitches,  will  not  move  the  extreme  point  of  the  tool,  but  instead, 
the  tool  holder,  to  which  the  tool  is  fastened  and  which  is  held  in 
its  normal  position  by  friction,  will  be  rocked  about  the  stud  upon 
which  it  is  mounted.  After  the  completion  of  the  locating  move- 
ment the  tool  is  forced  into  the  welt  a  pre-determined  distance,  with 
a  positive  pressure,  to  separate  the  stitches  and  make  the  required 
indentation  in  the  welt.  This  being  accomplished,. the  work  is  fed 
the  length  of  the  stitch  separated.  A  correcting  mechanism  moves 
the  tool  to  its  normal  position  after  each  feeding  movement;  other- 
wise, the  machine  would  fail  to  accurately  locate  the  intervals  between 
the  stitches.  It  is  intended  to  make  the  stitches  in  the  seam  of  equal 
lengths,  but  because  of  the  inequalities  in  the  leather  and  the  slight 
differences  in  the  pressure  exerted  by  the  operator  while  making  the 
seam,  the  stitches  often  vary  considerably  in  length,  although  such 
variations  are  hardly  perceptible  to  the  eye  of  the  average  person. 

71  If  the  machine  be  set  to  separate  the  stitches  of  a  seam  con- 
taining on  an  average  of  10  stitches  to  the  inch,  some  individual  stitches 
may  be  found  to  average  8  and  others  12  to  the  inch,  yet  the  machine 
will  accurately  locate  each  interval  between  such  stitches,  or  any 
length  of  stitches  between  the  two  extremes  mentioned.  In  some 
instances  it  is  preferred  that  the  stitches  be  drawn  into  the  welt 
slightly  below  its  surface.  This  is  termed  a  fudge  stitch,  in  making 
which  an  impression  wheel  is  used  to  produce  a  series  of  indentations 
on  the  surface  of  the  welt  very  similar  to  those  made  by  the  stitch- 
separating  machine. 

72  The  indentations  are  afterwards  burnished  on  the  burnishing 
machine.  This  contains  an  impression  wheel  which  is  free  to  revolve 
as  the  work  is  fed  beneath  it,  but  is  positively  vibrated  lengthwise  of 
the  indentations  at  a  high  rate  of  speed  to  polish  them. 

73  The  edge  of  the  sole  is  now  evenly  and  smoothly  trimmed 
to  the  desired  shape  on  the  edge-trimming  machine,  provided  with 
a  rapidly  revolving  cutter  for  trimming  the  edge  of  the  fore-part  of 
the  shoe,  and  another  slightly  different  in  shape  for  trimming  the 
edges  of  the  shank  portion. 

74  After  the  edges  and  welt  of  the  shoe  have  received  a  coating 
of  special  l^lacking  and  become  sufficiently  dry,  they  are  set  and  bur- 
nished on  the  edge-setting  machine.    In  this,  two  hot  irons,  shaped  to 
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fit  the  trimmed  edges,  vibrate  very  rapidly,  and  the  edge  of  the  shoe 
held  against  them  is  quickly  set  or  hardened  and  given  a  brilliant 
and  lasting  polish. 

75  The  surface  of  the  top-lift  is  now  made  perfectr,-  flat  and  even 
on  the  toplift-sanding  machine,  the  operator  holdiii'>;  the  surface 
against  the  sanded  face  of  a  large  revolving  disc. 

76  The  breast  of  the  heel  is  scoured  on  a  small  machine  fitted 
with  a  rapidly  revolving  cone-shaped  disc,  surfaced  with  sandpaper, 
which  brings  this  portion  of  the  shoe  to  a  proper  finish. 

77  The  edge  of  the  heel  is  given  a  coating  of  special  ink  on  the 
heel-blacking  machine,  which  contains  a  reservoir  of  ink  and  auto- 
matically feeds  the  amount  required  to  the  surface  of  two  brushes 
revolved  in  opposite  directions.  By  holding  the  heel  against  the 
brushes  the  edge  is  thoroughly  and  evenly  coated  with  ink,  and  is 
finished  on  the  heel-finishing  machine. 

78  This  machine  is  provided  with  an  iron  wheel  of  peculiar  con- 
struction made  up  of  a  number  of  segments  lying  diagonally  across 
its  surface  and  conforming  to  the  varying  shapes  of  heels.  Hot  wax 
is  automatically  conveyed  to  the  surface  of  the  iron  wheel,  which 
is  also  heated.  The  edge  of  the  heel  being  held  against  the  wheel, 
the  ink  and  wax  are  thoroughly  rubbed  into  the  leather,  and  the  heel 
is  then  presented  to  a  revolving  pad  on  the  machine,  which  polishes 
the  edge,  receiving  a  final  finish  by  being  held  against  a  rapidly  revolv- 
ing brush  to  give  it  the  required  brilliancy. 

79  The  bottom  of  the  shoe  is  buffed  on  the  buffing  machine,  on 
which  two  rapidly  revolving  roKs,  covered  with  sandpaper,  remove 
the  outside  surface  of  the  grain  of  the  leather  for  the  purpose  of  add- 
ing to  the  appearance  of  the  bottom  when  finished.  As  the  shank 
portions  of  the  sole  cannot  be  properly  buffed  with  these  rolls,  the 
buffing  machine  is  used  for  this  purpose.  This  is  an  entirelj^  differ- 
ent type  of  machine.  It  contains  a  vertical  shaft,  upon  the  lower 
end  of  which  is  mounted  a  pad  of  rubber  covered  with  emery  cloth 
revolved  many  thousand  revolutions  per  minute.  An  air  pump 
with  which  the  machine  is  fitted  keeps  the  rubber  pad  constantly 
inflated  with  air,  not  only  keeping  the  emery  cloth  cool  Init  adding 
flexibility  to  the  pad  so  that  it  conforms  to  the  surface  of  the  leather 
being  buffed. 

80  The  bottom  and  top-lift  of  the  heel  are  l^lacked  or  stained 
and  brought  to  a  highly  polished  surface  on  the  finishing  machine, 
which  has  a  revolving  shaft  fitted  with  different  brushes  made  of 
cloth  or  bristles  as  may  be  required  for  the  particular  kind  of  work 
to  be  performed. 
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81  Another  form  of  finishing  machine  known  as  the  stitch  and 
upper  cleaner  is  fitted  with  special  brushes  and  used  for  the  purpose 
of  polishing  the  stitches  and  leather  about  the  indentations  in  the 
surface  of  the  welt.  It  is  also  used  to  brush  off  any  dirt  which  may 
have  accumulated  upon  the  upper  of  the  shoe  up  to  this  point  in  its 
manufacture. 

82  In  order  that  the  quality  of  the  shoe  may  be  recognized,  a 
trademark  or  trade  name  is  generally  stamped  on  the  bottom  of  the 
sole  or  in  the  shank.  This  work  is  done  by  a  power  stamping  machine 
whereby  the  operator  is  enabled  to  press  the  heated  die  against  the 
bottom  of  the  sole  under  any  desired  pressure,  regulated  by  hydrau- 
lic means. 

83  The  last,  over  which  the  upper  was  drawn  early  in  the  making 
process,  has  been  allowed  to  remain  in  place  through  all  the  various 
operations  so  that  the  finished  shoe  may  acquire  and  retain  exactly 
the  shape  desired.  It  is  at  this  point  that  the  last  is  withdrawn  and 
the  shoe  placed  over  the  form  of  the  treeing  machine.  This  is  the 
shape  of  the  last,  but  is  collapsible.  The  pressure  of  a  foot  lever  in 
this  machine  expands  the  form  inside  the  shoe  until  it  fills  it  entirely 
and  the  operator,  using  various  tools,  rubs  out  every  wrinkle  that 
may  have  made  an  appearance  in  the  shoe  upper  and  cleans  or  dresses 
it  with  such  preparations  as  will  give  to  the  shoe  the  best  appear- 
ance. The  releasing  of  the  foot  lever  causes  the  expanded  form  to 
collapse,  and  the  shoe  is  removed  without  disturbing  in  any  way  its 
form  or  finish. 

84  The  shoe  is  then  inspected  and  the  upper  receives  its  final 
coat  of  dressing.  Now  being  finished,  it  is  packed  in  a  carton  and 
made  ready  for  shipment  to  the  purchaser. 

WELT-SEWING    MACHINE 

85  The  welt-sewing  machine  (Fig.  6)  is  b,y  no  means  the  most 
complicated  in  the  system  of  machines  for  making  Goodyear  welt 
shoes,  but  since  it  is  the  most  important  one,  its  construction  and 
mode  of  operation  will  be  briefly  described. 

86  The  head  of  the  machine  is  mounted  upon  a  post  which  can 
be  adjusted  in  a  suitable  base  so  as  to  permit  the  machine  to  be  set 
to  the  height  most  convenient  for  operation.  The  principal  parts 
of  the  thread-handling  mechanism  are  a  curved  open-eyed  sewing 
needle,  looper,  thread  finger,  takeup,  auxiUary-takeup,  tension  wheel 
and  tension-wheel  governing  device. 
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87  The  machine  has  a  circular  awl  for  feeding,  and  a  channel 
guide,  both  of  which  are  secured  to  levers  mounted  upon  the  feed 
slide  of  the  machine.  It  is  also  provided  with  a  suitable  device  for 
holding  and  guiding  the  welt,  and  a  back  rest  to  assist  in  supporting 
the  shoe  during  the  sewing  operation.  All  of  these  different  parts 
are  given  their  respective  movements  by  levers  actuated  by  a  series 
of  cams  fastened  to  the  driving  shaft  of  the  machine. 

88  A  steam-heated  wax  pot  attached  to  the  machine  holds  hot 
wax  to  be  applied  to  the  sewing  thread. 

89  The  stitch  made  by  this  machine  is  known  as  a  chain-stitch, 
but  is  not  made  by  the  ordinary  method,  in  which  a  number  of  the 
parts  of  the  machine  mentioned  could  be  dispensed  with. 

90  To  sew,  it  is  necessary  first  to  turn  the  driving  shaft  to  a  posi- 
tion that  will  permit  the  shoe  to  be  placed  in  the  machine,  the  end 
of  a  strip  of  leather  welting  being  inserted  in  the  welt  guide.  The 
operator  takes  the  shoe  by  both  hands  and  places  it  in  the  machine, 
pressing  it  against  the  point  of  the  awl  and  of  the  channel  guide  at 
the  bottom  of  the  inside  channel  of  the  insole  at  the  breast  of  the 
heel-seat.  By  pressing  a  foot  lever,  the  machine  is  set  in  motion, 
and  under  the  guidance  of  the  operator  the  welt  is  sewed  to  the  shoe 
along  the  side,  around  the  toe  to  the  breast  of  the  heel-seat  upon  the 
opposite  side  of  the  shoe,  thereby  uniting  the  welt,  upper,  and  insole 
by  a  strong,  durable,  wax-thread  seam. 

91  To  describe  a  stitch  made  by  this  machine,  we  will  presume 
that  a  few  stitches  have  already  been  made  in  a  seam  and  that  there 
is  a  loop  of  thread  in  the  eye  of  the  needle  which  has  been  drawn 
through  the  work  through  the  previous  loop,  and  which  is  longer 
than  the  required  length  of  a  stitch,  and  that  the  needle  is  in  its 
extreme  position  away  from  the  work  -with  the  loop  taut  in  the  eye 
of  the  needle.  Starting  the  machine  at  this  point,  further  move- 
ment will  cause  the  awl  to  descend  and  be  forced  into  the  between- 
substance  or  rib  at  the  bottom  of  the  inside  channel  of  the  insole, 
when  the  awl  feeds  the  shoe  the  length  of  a  stitch  to  a  position  which 
will  bring  the  awl  and  needle  in  fine.  The  needle  will  then  descend 
and  be  forced  through  the  edge  of  the  welt,  upper  and  between-sub- 
stance  of  the  insole,  going  through  the  hole  made  in  the  between- 
substance  by  the  awl,  which  during  this  movement  has  been  with- 
drawn from  the  work  and  out  of  the  path  of  the  needle.  During  the 
forward  travel  of  the  needle,  the  loop  of  thread  in  the  eye  will  have 
been  forced  down  upon  the  shank  of  the  needle  by  contact  with  the 
work.    The  takeup  lever  next  acts  to  draw  the  previous  stitch  tight, 
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Fig.  G    Welt  Sewing  Machine 
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taking  up  the  slack  thread  and  pulling  the  loop  tight  about  the  shank 
of  the  needle  with  a  strain  equal  to  that  exerted  by  the  tension  device 
upon  the  thread;  the  continued  movement  of  the  takeup  drawing  an 
amount  of  thread  from  the  wax  pot  or  thread  supply  equal  to  the 
amount  of  thread  used  in  forming  the  previous  stitch.  The  thread 
finger  now  moves  to  measure  off  a  predetermined  amount  of  the 
thread  taken  from  the  thread  supplj^  by  the  action  of  the  takeup. 

92  The  looper  is  next  moved  in  a  path  about  the  point  of  the  needle 
and  places  the  thread  in  the  eye  of  the  needle,  the  thread  being  kept 
taut  during  such  movement  by  the  action  of  the  auxiliary  takeup. 
The  needle  then  acts  to  pull  the  new  loop  of  thread  through  the  work, 
through  the  previous  loop,  and  to  set  one  leg  of  the  new  loop  taut 
against  the  between-substance  of  the  insole  at  the  root  of  the  channel. 

93  The  movement  of  the  thread  finger  should  have  displaced 
just  enough  slack  thread  to  cause  the  needle  to  bite  the  thread  at  a 
point  in  its  length  which  will  pull  one  leg  of  the  loop  taut  against  the 
between-substance  of  the  insole ;  shorten  the  previous  loop  an  amount 
due  to  the  difference  between  the  area  of  a  cross  section  of  the  shank 
of  the  needle  and  the  area  of  two  cross  sections  of  the  thread  of  which 
the  loop  is  made;  and  pull  the  new  loop  taut  in  the  eye  of  the  needle 
with  only  a  slight  reaving  movement  of  the  thread  through  it.  A 
revolution  of  the  camshaft  of  the  machine  has  now  been  completed, 
bringing  it  to  its  first  position,  a  stitch  having  thus  been  formed  in 
the  work  by  the  thread-handling  mechanism. 

94  The  welt  is  guided  about  the  shoe  by  the  guide  locked  against 
the  shoe  during  the  time  the  needle  is  pulling  the  thread  through  the 
work,  and  helps  to  support  the  work  against  the  pull  of  the  needle. 
It  is  again  locked  against  the  shoe  when  the  awl  is  puncturing  the 
insole;  and  is  also  given  an  automatic  pullback  movement,  regulated 
to  a  predetermined  throw,  to  allow  the  shoe  to  feed  clear  of  the  guide 
and  to  help  draw  the  welt  through  it  in  such  a  manner  as  to  lay  the 
proper  amount  of  welt  around  the  shoe.  It  is  moved  back  during 
the  formation  of  each  stitch  a  uniform  distance  from  the  point  of 
contact  with  the  shoe,  regardless  of  the  varying  thicknesses  of  the 
between-subtance  to  be  sewed,  so  that  it  is  locked  at  varying  dis- 
tances away  from  the  point  of  the  channel  guide. 

95  The  back  rest  is  locked  against  the  shoe  to  help  support  it 
during  the  action  of  the  needle  and  again  during  the  thrust  of  the 
awl  which  punctures  the  insole. 

96  An  operator  can  sew  on  this  machine  in  a  day  as  many  shoes 
as  100  baud- workmen  previously  sewed  in  the  same  length  of  time; 
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and  since  the  sewing  thread  has  been  treated  with  hot  wax  and  pulled 
by  the  machine  with  unvarying  tension,  the  seams  are  stronger  and 
wear  better  than  those  made  by  hand. 

97  The  results  obtained  by  the  use  of  the  different  machines 
which  we  have  described  enables  shoe  manufacturers  at  the  present 
time  to  produce  Goodyear  welt  shoes  to  retail  at  prices  ranging  from 
$3.50  to  $7  per  pair,  which  for  comfort,  style,  and  superior  workman- 
ship, excel  those  made  by  custom  workmen  to  sell  at  prices  ranging 
from  $12  to  $18  per  pair. 


OPERATING  CONDITIONS  OF  PASSENGER 
ELEVATORS 

By  Reginald  P.  Bolton,  New  York 
Member  of  the  Society 

This  paper  is  concerned  with  the  principles  that  affect  and  limit 
the  service  of  passenger  elevators,  which  constitute  the  most  impor- 
tant adjunct  to  the  improvement  of  real  estate  and  which  are  con- 
tinually being  more  widely  used  in  this  connection. 

2  The  operation  of  a  passenger  elevator  is  unlike  that  of  other  re- 
ciprocating mechanisms,  in  that  its  movements  are  designedly  de- 
pendent upon  the  entrance  and  exit  and  the  weight  of  the  persons 
making  use  of  its  car.  The  time  during  which  it  is  in  actual  motion 
is  therefore  only  part  of  the  total  time  of  its  service,  and  it  will  be 
manifest  that  some  due  proportion  of  the  total  time  may  be  expected 
to  be  occupied  by  passenger  movement  and  by  machine  motion  re- 
spectively, and  should  either  one  or  the  other  be  of  undue  proportion, 
the  result  will  be  a  reduction  in  efficiency,  as  represented  by  traffic. 

3  Passenger  time  is  that  which  is  consumed  while  the  car  is  not 
in  motion,  but  is  awaiting  the  movement  of  passengers.  In  schedule 
service,  which  is  the  method  of  operation  universally  adopted  in  bus- 
iness buildings,  the  period  of  actual  waiting  time  at  the  lower  floor 
is  limited  by  the  schedule,  but  in  addition  to  this  time,  the  movement 
of  passengers  in  entering  and  leaving  the  car  and  the  processes  of 
opening  and  closing  the  gates  occupy  a  further  proportion  of  the 
total  time  of  use  of  the  elevator. 

4  The  period  of  inaction  of  an  elevator  thus  has  a  close  relation 
to  the  number  of  passengers  carried,  and  in  schedule  service  the  aver- 
age consumption  of  time  which  the  writer  advanced  in  a  recent  work 
on  this  subject  has  been  found  by  experiment  to  prevail  in  various 
cities,  indicating  that  personal  characteristics  in  the  use  of  elevators 
are  very  similar  in  all  parts  of  the  country.     These  allowances  are: 

The  American  Society  of  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     All  papers  are  subject  to  revision. 
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a  For  each  person  carried  either  way 5  sec. 

b  For  each  person  entering  at  the  lower  landing 1^  sec. 

c  For  each  person  leaving  at  lower  landing f  sec. 

d  For  the  process  of  making  and  leaving  the  upper 

landing 9  sec. 

The  waiting  time  at  the  ground  floor,  in  addition  to  the  foregoing 
is  extended  to  suit  the  schedule,  which  is  fixed  by  the  division  of  the 
round-trip  time  between  the  number  of  elevators  in  use.  In  several 
tests  of  the  traffic  of  schedule  service,  by  making  the  foregoing  de- 
ductions from  the  total  time  occupied,  the  actual  running  speed  of  the 
elevator  car  has  been  correctly  predetermined  and  in  others,  by  de- 
ducting the  known  running  time  from  the  total,  the  foregoing  allow- 
ances have  been  substantiated. 

5     The  machine  time  is  occupied  by  three  main  elements: 

a  Acceleration  from  a  state  of  rest  to  designed  speed. 

b  Travel  at  designed  speed. 

c  Retardation  from  designed  speed  to  a  state  of  rest. 
The  average  speed  of  the  machine  is  not  its  designed  or  nominal 


TABLE  1    MEAN  SPEED  AT  VARIOUS  FUNCTIONAL  DISTANCES 


Flight 

Functional  Distance 

10  Ft. 

15  Ft. 

Ft. 

Ft 

Per  Sec. 

Ft.  Per  Sec. 

12 

4.60 
5.00 
5.35 
5.90 
6.33 

3.73 

15 

4.16 

18 

4.62 

5.13 

5.55 

speed,  but  that  which  results  from  the  mean  time  occupied  in  the 
foregoing  operations.  The  designed  speed  may  not  be  attained  un- 
less the  flight  or  distance  between  stops  is  such  that  the  processes  of 
acceleration  and  retardation  from  and  to  a  state  of  rest  do  not  occupy 
the  entire  space  of  time  and  distance. 

6  Fig.  1  shows  the  course  of  these  functions  on  a  horizontal  scale 
of  time  and  a  vertical  scale  of  space,  with  the  mean  speeds  resulting 
therefrom.  Line  AB  is  that  of  the  designed  speed  of  the  car  at  500 
ft.  per  min.  Curve  CD  is  that  of  the  function  of  starting  and  stop- 
ping on  the  up-run  within  distances  respectively  of  6  and  4  ft.  and 
CD'  the  same  operation  on  the  down-run  and  within  a  flight  from 
landing  to  landing  of  15  ft.     The  mean  speed  is  reduced  to  5  ft.  per 
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sec,  a  drop  of  40  per  cent  from  the  designed  speed.  Curves  EF 
and  E'F'  are  those  of  the  same  functions  exercised  in  a  distance  of 
10  ft.  and  5  ft.  respectively,  thus  occupying  the  entire  space  from 
landing  to  landing  and  reducing  the  mean  speed  to  4.16  ft.  per  sec, 
or  50  per  cent  of  the  designed  speed.  From  these  and  similar  curves 
the  mean  speeds  given  in  Table  1  have  been  deduced.  In  curve  EF 
it  will  be  seen  that  the  car  on  attaining  its  designed  speed,  is 
immediately  slackened   by  the    commencement    of  the  process  of 
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Fig.  2    Mean  Speeds  Between  Landings  and  Corresponding  Service 


retardation  so  that  the  designed  speed  is  not  utilized  at  any  less 
distance  than  15  ft.  between  landings. 

7  Fig.  2  shows  these  rates  of  speed  at  the  same  two  functional 
distances  plotted  for  all  distances  between  landings  from  12  ft.  to 
35  ft.,  with  the  corresponding  character  of  the  service  expressed  in 
percentage  of  landings  to  floors. 

8  The  gain  by  the  shorter  functional  distance  when  making  any 
service  is  about  12  per  cent  of  machine  time,  and  such  an  elevator 
will,  if  sufficiently  powerful  for  the  increased  load,  attain  the  same 
mean  speed  with  ro  traffic  as  is  attained  in  the  other  machine  with 
four  landings  in  ten  floors. 
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9  The  live  load  in  the  car  and  the  weight  of  the  car  itself  directly 
affect  the  functions  of  acceleration  and  retardation,  aiding  or  opposing 
each  operation  inversely  on  the  up  and  down  runs.  Where  there  is 
no  counterweight  or  balance  applied  to  the  live  load,  these  effects 
are  directly  proportioned  to  the  latter.  In  hydraulic  elevators  it 
is  not  usually  practicable  to  counterbalance  the  live  load,  but  it  is 
the  universal  practice  to  counterbalance  some  part  of  the  live  load 
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in  electric  elevators,  relieving  to  that  extent  the  two  operations  in 
either  direction.  As  electrically  operated  elevators  are  now  largely 
in  the  majority  and  are  constantly  on  the  increase,  the  relation  of  the 
counterbalance  to  the  average  live  load  carried  each  way  appears 
to  be  a  most  important  feature  and  it  would  be  desirable  to  ascertain 
it  in  some  definite  manner  rather  than  by  theoretical  assumption. 

10  Elevator  loads  are  varied  on  the  up  and  down  runs  in  the  man- 
ner shown  in  Fig.  3,  in  which  the  flights  and  stops  of  a  car  are  shown 
by  line  ABCD  and  the  weights  by  the  shaded  parallelograms.  The 
overbalance,  if  it  be  one-half  of  the  commencing  and  ending  live  loads, 
has  the  theoretical  effect  of  bringing  about  a  complete  balance  of 
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lifting  and  lowering  work,  and  theoretically  the  net  overbalance 
lifted  on  the  one  side  is  used  as  descending  force  on  the  other.  It  is 
due  to  this  feature  that  the  electrical  form  of  elevator  will  give  back 
a  certain  amount  of  motor-generated  current  to  its  supply  line.  The 
amount  so  returned  is  but  a  portion  of  that  used  in  lifting  the  over- 
balance and  is  usefully  employed  only  if  there  be  some  means  of  absorb- 
ing or  utilizing  the  current.  The  motor  must  also  be  back-rotated  to 
that  speed  necessary  to  produce  a  voltage  equal  to  that  of  the  cir- 
cuit which  is  only  the  case  when  it  has  attained  its  designed  speed,  so 
that  this  economic  feature  is  also  dependent  on  the  average  distance 
between  stops  and  starts. 


9-10 
10-11 


TABLE  2    TESTS  AT  NIGHT  AND  DAY  BANK  BUILDING 
Average  Loads— Car  No.  2 


Persons  Each  Way, 
Average 


Live  Load,  Lb. 


0.75 
2.09 
2.62 
2.33 


11-N 

1.91 

— 

267 



N-1 

2.55 

— 

— 

338 

1-2 

2.67 

— 

— 

349 

2-3 

2.65 

— 

— 

347 

3-4 

1.29 

181 

— 

— 

4-5 

1.73 

— 

242 

— 

5-6 

1.67 

— 

233 

— 

6-7 

0.94 

131 

— 

— 

Averages 

139 

259 

345 

11  The  effect  of  overbalance  is  also  varied  by  the  fluctuations 
of  the  live  load  in  either  direction  during  the  hours  of  traffic,  and 
should  this  traffic  be  uneven  or  such  as  to  vary  considerably  from  the 
designed  relation  of  load  to  overbalance,  then  the  benefit  of  the  over- 
balance is  disturbed  and  its  value  is  considerably  impaired. 

12  The  relation  of  traffic  to  counterbalance  is  therefore  a  matter 
of  importance,  and  economy  may  be  effected  by  ascertaining  what  pro- 
portion the  average  loads  each  way  bear  to  the  overbalance.  These 
relations  may  be  ascertained  after  the  appliance  is  in  full  operation 
by  counting  the  passengers,  but  this  observation  is  not  of  value  un- 
less the  counting  is  made  of  every  individual  carried  each  way  during 
some  given  period  of  time. 
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Fig.  4     Elevator  Travel  in  Night  and  Day  Bank  Building.  New  York 
City 
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13  The  observed  operation  of  the  traffic  in  the  cars  of  the  Night 
and  Day  Bank  Building  is  shown  in  Fig.  4,  in  which  are  plotted  on 
the  vertical  scale  above  and  below  the  middle  horizontal  line  the 
number  of  persons  carried  up  and  the  number  of  persons  carried  down 
on  each  hour  of  the  business  day.  This  observation  shows  that  the 
distribution  of  traffic  in  such  a  business  and  professional  building 
closely  coincides  with  the  theoretical  distribution  advanced  by  the 
writer.^  In  the  traffic  of  this  building,  the  heaviest  periods  of  eleva- 
tor work  are  from  9  a.m.  to  10  a.m.  for  one-way  traffic,  and  from  2 
p.m.  to  3  p.m.  for  two-way  traffic,  periods  which  may  differ  in  other 
cities.  The  individual  work  of  one  car  is  given  in  Table  2. 

14  The  overbalance  of  these  machines  is  about  800  lb.  of  live  load 
and  is  reduced  by  the  weight  of  the  operator  to  660  lb.  of  actual  pas- 
senger load.  The  excess  or  overbalance  of  the  actual  mean  passenger 
loads  thus  becomes  520  lb.  for  3  hr.,400  lb.  for  4  hr.,  310  lb.  for  5  hr., 
indicating  that  an  unnecessary  amount  of  overbalance  is  provided 
and  that  improvement  could  be  effected  by  reduction  of  the  counter- 
balance. 

15  In  hydraulic-cylinder  elevators,  and  notably  in  those  of  the 
plunger  type,  the  absence  of  counterbalance  of  the  live  load  not  only 
varies  the  period  of  acceleration  and  retardation  to  a  wide  extent, 
but  as  the  power  applied  to  these  machines  is  fixed  in  extent,  succes- 
sive increments  of  load  also  vary  the  traveling  speed.  On  a  test  of 
the  very  powerful  hydraulic-cylinder  elevators  of  the  Hanover  Bank 
Building,  the  traveling  speed  both  up  and  down  varied  from  880  ft.  per 
min.  with  a  live  load  of  550  lb.  to  330  ft.  per  min.  with  a  live  load 
of  3300  lb.  The  characteristics  of  the  functions  of  stopping  and 
starting  varied  as  shown  in  Table  3. 

16  In  the  plunger  type  of  machine,  the  effects  just  described  are 
increased  on  account  of  the  large  mass  of  material  and  water  which 
must  be  set  in  motion  to  and  arrested  from  the  same  speed  as  the  car 
and  the  result  is  that  both  the  period  and  the  distance  of  acceleration 
and  retardation  are  relatively  prolonged.  These  effects  are  largely 
negatived  in  the  electrical  elevator,  even  where,  as  in  the  case  of  the 
traction  type,  the  ropes  and  the  counterweight  all  travel  at  the  car- 
speed.  This  result  is  obtained  by  the  introduction  of  the  electrical 
and  mechanical  brake  action  in  retardation,  and  by  the  ability  of  the 
electric  motor  to  exert  force  in  acceleration  and  motion  approximat- 
ing the  resistance  of  its  load.     These  capabilities  have  been  very 

^Elevator  Service,  published  by  the  Author. 
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highly  developed  in  the  one-to-one  traction  electrical  elevator,  in 
which  motors  of  large  proportions  accompany  its  relatively  slow  speed 
and  the  physical  danger  of  dislodging  the  cables  from  the  head  sheaves 
by  rapid  retardation  on  the  up  run  or  of  putting  excessive  strain  on 
the  cables  in  downward  retardation  are  overcome  by  the  arrangement 
of  the  friction  drive.  This  form  of  machine  therefore  offers  the  larg- 
est possibilities  in  the  directions  discussed,  affording  maximum  powers 
of  acceleration  at  designed  speed  with  all  loads,  and  safe  retardation. 
17  But  even  with  these  powers,  it  will  remain  a  fact  that  if  the 
traffic  in  any  elevator  be  such  as  to  demand  a  stoppage  within  a  dis- 
tance less  than  that  occupied  by  the  operations  of  acceleration  and 

TABLE  3    TESTS  AT  HANOVER  BANK  BUILDING 
Loads,  Functional  Distances  and  Speeds 


Live  Load,  Lb 


3300 
2200 
1100 
550 


Speed,  Ft.  Per 
Mm. 


Acceleration  Up  Retardation  Up| 
Retardation  j  Acceleration  | 
Down,  Ft.  Down,  Ft. 


Functional 
Distance.  Ft. 


Mean  Speed  in 
24  Ft.  Per  Sec. 


H 

7.25 
6.1 
5 


7.75 
12.3 


17.6 

15 

18.4 


2 
7.15 


retardation,  or  what  has  been  described  as  the  functional  distance,  the 
designed  speed  will  not  be  attained.  Therefore,  unless  the  number 
of  elevators  be  so  related  to  the  traffic  as  to  afford  an  average  distance 
between  stops  in  excess  of  the  functional  distance,  there  is  no  advan- 
tage derived  from  the  designed  speed.  As  high  rates  of  designed 
speed  involve  proportionate  forces,  which  in  each  type  require  either 
high  pressure  of  power  supply  or  large  proportions  of  apparatus,  it 
will  be  seen  that  substantial  economy  in  first  cost  may  be  secured  by 
so  proportioning  the  elevators  to  their  work  that  the  best  results 
may  be  attained  with  the  most  moderate  designed  speed, 

18  In  all  elevators,  particularly  in  those  electrically  operated,  the 
use  of  power  increases  in  proportion  to  the  number  of  starts  and  stops. 
This  is  a  natural  result  of  the  use  of  the  electric  motor,  in  which  the 
largest  part  of  the  energy  is  required  for  the  process  of  first  motion 
and  acceleration,  the  next  largest  for  electrical  and  mechanical  re- 
tardation, and  a  lesser  amount  for  the  actual  running  speed,  with  a 
small  proportion  devoted  to  the  continuous  excitation  of  the  field. 
It  therefore  follows  that  in  this  form  of  elevator,  which  is  now  so 
widely  used,  the  main  part  of  the  consumption  of  power  is  directly 
related  to  the  number  of  stops  and  starts  which  accompany  and  result 
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from  the  number  of  persons  carried.  The  diversities  in  results  which 
have  been  reported  from  time  to  time  as  to  the  consumption  of  cur- 
rent by  electrical  elevators  may  ])e  attributed  to  variations  in  traffic 
conditions. 

19  A  series  of  very  interesting  tests  were  recently  made  upon  the 
operation  of  a  one-to-one  traction  elevator  in  the  ten-story  building 
of  the  Boston  Edison  Company,  in  which  observations  of  the  use  of 
current  were  made  at  varying  numbers  of  stops  and  starts  with  various 
loads. 


TABLE  4  CURRENT  CONSUMED  BY  AN  ELECTRIC  ELEVATOR  AT  VARIOUS  LOADS 
AND  STOPS 


' 

~ 

1     ^  Up 

Bt^-10 

1-9 

1-9 

1-9 

1-9 

Down 

10-Bt. 

9-1 

9-1 

9-1 

9-1 

Distance, 

Up 

124.6 

101.5 

101.5 

101.5 

101.5 

Ft. 

Both  Ways 

249.2 

203 

203 

203 

203 

Up 

Bt.-lO 

1-9 

1,5,9 

1,3,5,7,9 

1,2,3,4,5,6,7,8.9 

Stops 

Down 

10-Bt. 

9-1 

9.5,1 

9,7,5,3,1 

9,8,7.6,5,4,3.2,1 

Total 

2 

2 

4 

8 

16 

Per    Mile 

42  4 

52 

104 

208 

416 

i 

Operator 

Only 

'666 

1060 

Kw-Hr.  per  Car- 
Mile 

2  321 

2.181 

3.05 

2.366 

7.95 

!S    pj 

2.855 

2.54 

2.51 

2  2 

6.83 

n^ 

2.2 

3.34 

4.65 

6.8 

s 

2010 

.        2.4 

3.16 

5.0 

7.97 

2660 

2.93 

4.16 

Machine:  Otis  electric  traction  elevator 

Capacity*  2500  lb.  at  a  speed  of  500-550  ft.  per  min. 

Balance:  1060  lb.;  200  voles,  direct-current 

Date  of  test:  December  1909 

Place:  Boston,  Mass. 

20  The  writer  has  plotted  from  these  results  a  series  of  curves 
shown  in  Fig.  5  which  indicate  very  clearly  that  at  all  loads  an  in- 
crease in  the  number  of  stops  results  in  a  progressive  increase  in  the 
current  consumption.  The  shape  of  all  these  curves  is  affected  by  the 
relation  of  the  overbalance  to  the  load  and  at  or  near  the  balance 
point  the  most  efficient  service  is  naturally  attained. 

21  In  hydraulic  elevators  the  cost  in  energy  of  stops  and  starts 
is  that  of  the  water  under  pressure,  which  is  used  for  the  reversal  of 
the  valves.  In  a  test  of  the  plunger  elevators  in  the  United  States 
Express  Building,  in  which  the  writer  took  part,  the  proportion  of 
water  thus  used  in  stops  and  starts  was  ascertained  to  be,  on  the  basis 
of  four  stops  up  and  four  stops  down  to  ten  floors  above  the  ground, 
11.1  per  cent  of  plunger  displacement,  and  on  the  basis  of  a  stop  at 
every  floor  up  and  down,  22.2  per  cent. 
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22  The  method  employed  by  the  author  in  securing  data  bearing 
on  these  subjects  is  the  observation  of  the  number  of  persons  carried 
each  way  on  each  trip  by  each  elevator  in  a  given  time.     Such  observ- 
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Fig.   6    Flow  of  Elevator  Traffic  in  a  Chicago  Office  Building 


ations  have  been  taken  in  a  number  of  buildings  of  widely  differing 
proportions  and  characters,  in  cities  as  far  apart  as  Seattle  and  Atlanta, 
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and  as  diverse  in  characteristics  as  Detroit  and  Portland,  Ore.  In 
all  cases  these  tests  have  proved  of  value  by  indicating  opportunities 
for  improvement  in  service  and  in  economy  and  have  also  confirmed 
the  foregoing  conclusions  as  to  the  influence  of  traffic  upon  speed  and 
efficiency  of  service. 

23  An  interesting  and  comprehensive  example  of  this  method  of 
observation  is  that  afforded  by  the  six  hydraulic  elevators  of  a  Chicago 
office  building  of  17  stories  located  in  the  heart  of  the  business  dis- 
trict and  having  a  professional,  business  and  brokerage  tenantry. 
The  results  of  these  observations  are  plotted  in  diagramatic  form  in 
Figs.  6,  7  and  8.  The  upward  and  downward  traffic  is  plotted  ver- 
tically above  and  below  the  middle  horizontal  line  and  the  period 
of  service  is  shown  on  the  horizontal  scale.  In  Fig.  6  the  total  com- 
bined hourly  traffic  each  way  is  shown  and  from  it  is  observable  the 
disposition  of  traffic  during  the  hours  of  business,  the  heaviest  period 
being  for  one-way  traffic  from  8  to  9  a.m.  and  for  two-way  traffic  from 
noon  to  1  p.m.  The  total  combined  traffic  for  the  day's  service  was 
5888  persons  carried  up  and  5801  carried  down. 

24  In  Fig.  7  the  combined  schedule  work  of  the  six  cars  is  plotted, 
showing  the  number  of  persons  lifted  or  lowered  by  all  six  cars  on  each 
schedule  movement,  affording  a  picture  of  the  response  of  schedule 
operation  to  the  flow  of  traffic.  The  average  total  of  the  six  cars  per 
hour  is  shown  in  the  double  dotted  line  on  the  upper  and  lower  part 
of  the  scale,  and  the  average  number  of  persons  per  hour  per  car  is 
shown  in  the  strong  single  dotted  line.  The  average  number  of  per- 
sons carried  per  car  per  hour  was  5  up,  4.91  down,  and  4.95  each  way. 
The  total  each  way  per  hour  aggregated  584  persons. 

25  Fig.  8  shows  the  work  of  these  cars  in  still  greater  detail,  the 
six  diagrams  giving  the  individual  work  of  each  car  per  trip,  affording 
a  complete  picture  of  the  division  of  the  work  between  the  several 
cars.  Several  interesting  observations  can  be  made  from  this  dia- 
gram. The  best  work  of  the  day  was  found  to  have  been  done  by 
car  No.  2,  which  during  the  busy  hour  of  noon  to  1  p.m.  carried  264 
persons,  or  a  mean  of  6.6  each  way  per  trip.  The  heaviest  day's 
work  was  done  by  car  No.  5,  which  carried  an  average  of  5.34  persons 
each  way  in  the  average  round-trip  time  of  3.07  min.  The  average 
round-trip  time  of  the  schedule  as  maintained  was  3.09  min.,  and  the 
best  time  for  an  individual  car  was  that  of  car  No.  2  which  made  cer- 
tain trips  in  2.5  min.  round-trip  time,  carrying  4.35  persons  each  way, 
at  the  rate  of  104  persons  per  hour. 
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26  It  will  be  observed  that  at  various  times  the  operation  of  car 
No.  3  and  car  No.  6  was  interrupted  by  their  diversion  from  the  ser- 
vice for  freight  purposes,  and  at  the  particularly  busy  time  near  one 
o'clock,  when  this  occurrence  took  place  on  car  No.  3,  the  traffic  was 
forced  into  the  other  cars,  the  loads  on  which  were  greatly  increased, 
with  the  result  that  the  number  of  round-trips  made  by  those  cars 
was  reduced. 

27  The  division  of  passenger  time  and  machine  time  in  these  cars 
was  ascertained  by  observations  of  the  speed  of  two  of  the  cars  with 
a  live  load  of  three  passengers  each  way.  On  a  run  from  top  to 
bottom  of  the  shaft,  the  speed  developed  under  those  conditions,  was 
6.77  ft.  per  sec,  corresponding  to  a  designed  speed  of  400  ft.  per  min. 
With  the  same  load,  but  starting  and  stopping  at  every  alternate 
floor,  the  mean  speed  fell  to  4.8  ft.  per  sec.  As  the  schedule  main- 
tained by  the  service  allowed  an  interval  between  arrival  and  depar- 
ture of  cars  at  the  ground  floor  of  30.9  sec,  the  actual  time  of  the  aver- 
age trip  became  154.5  sec.  The  average  speed  of  4.8  ft.  occupies 
80  sec,  leaving  for  passenger  time,  less  the  top  landing,  65.5  sec.  The 
average  number  of  persons  carried  by  two  of  the  cars  when  operating 
at  this  speed  was  6.6  each  way,  or  13.2  in  all,  so  that  the  passenger 
time  was  5  sec.  per  passenger  per  landing,  which  is  the  allowance  to 
which  reference  was  previously  made. 

28  These  observations  indicated  further  that  the  elevators  were 
capable  of  handling  the  busy-hour  traffic  at  the  rate  of  four  land- 
ings to  ten  floors  and  were  operated  under  an  average  of  three  and 
one-tenth  stops  to  ten  floors,  affording  an  ample  service  readily 
capable  of  meeting  the  variations  in  the  flow  of  trafl&c  They  also 
indicated  that  during  the  heaviest  period  of  the  day  when  the  rela- 
tion was  increased  by  the  withdrawal  of  one  car,  the  time  of  the  round 
trip  was  delayed  and  the  schedule  lengthened,  reducing  the  conven- 
ience and  the  efficiency  of  the  service. 
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While  investigating  the  subject  of  belt  efficiency  the  writer  found  a 
theory  of  the  transmission  of  power  by  leather  belting  so  different  from 
the  one  generally  accepted  in  the  United  States  that  the  original  pur- 
pose of  the  investigation  became  of  secondary  importance.  It  is 
not  claimed  that  everything  to  be  presented  in  this  paper  is  new;  in 
fact,  many  of  the  conclusions  which  will  be  drawn  have  already  been 
brought  before  the  Society.  It  is  believed,  however,  that  consider- 
able novelty  will  be  found  in  many  of  the  opinions  cited.  Since  the 
accepted  theory  can  be  so  easily  found  in  reference  books,  no  complete 
exposition  will  be  attempted  here. 

2  When  a  belt  is  stretched  over  a  pair  of  pulleys  at  rest,  the  ten- 
sion in  both  strands  is  the  same,  and  is  due  solely  to  the  elasticity 
of  the  material.  When  the  pulleys  are  set  in  motion  and  power  is 
transmitted  through  the  belt  from  one  to  the  other,  the  tension  in 
the  tight  side  increases  while  the  tension  in  the  slack  side  decreases, 
their  difference  being  the  so-called  "  effective  pull,"  which  is  a  measure 
of  the  power  transmitted.  It  is  known,  however,  that  the  sum  of  the 
tensions  does  not  remain  constant.  Since  the  belt  is  prevented  from 
sliding  on  the  pulley  by  virtue  of  the  frictional  resistance,  a  great 
deal  of  study  has  been  given  to  the  determination  of  the  coefficient 
of  friction.     If  Ti  is  the  gross  pull  on  the  tight  side,  and  T2  the  gross 

T 
pull  on  the  slack  side,  we  obtain  the  relation   ^^   =  e^",    where    e 

^  2 

is  the  base  of  the  natural  system  of  logarithms,  /  is  the  coefficient  of 
friction,  and  a  is  the  circular  measure  of  the  smaller  arc  of  contact  on 
the  two  pulleys.  This  assumes  that/  is  a  constant  and  that  the  ten- 
sion in  the  belt  increases  uniformly  along  the  arc  of  contact;  it  neglects 
^  General  Electric  Company. 
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also  the  reduction  of  the  effective  tension  due  to  centrifugal  force. 
Since  Ti  is  limited  by  the  strength  of  the  belt,  the  effective  pull  can 
be  increased  only  by  decreasing  T2.  If  the  arc  of  contact  a  cannot  be 
changed  on  account  of  the  diameters  or  locations  of  pulleys,  the  only 
factor  susceptible  of  variation  is  /,  the  coefficient  of  friction.  Most 
of  the  famihar  methods  for  increasing  the  pulling  power  of  a  belt 
depend  on  an  increase,  artificial  or  natural,  in  the  coefficient.  It  is 
for  this  reason  that  in  this  country  paper  and  wood  pulleys  are  crowd- 
ing out  iron  ones.  While  /  =  0.4  is  frequently  given  for  leather  belts 
on  cast-iron  pulleys,  /  =  0.65  is  claimed  for  paper  pulleys.     Quite 

T 
a  common  assumption  is  that  ^  =  3.     This  brings  /  =  0.35  for 

■L  2 

a  =  180  deg.,  and  /  =  0.382  for  a  =  165  deg.  Kent,i  gives  a  table 
based  on/  =  0.40  and  a  =  180  deg.,  to  which  is  added  a  table  of  cor- 
rections for  other  arcs  of  contact.  Several  designs  for  idlers  have 
been  developed,  which  are  intended  to  increase  the  arc  of  contact. 
Furthermore,  the  introduction  of  belting  made  of  steel  is  a  step  in 
the  direction  of  increasing  Ti.  The  complete  theory  makes  allow- 
ance for  the  centrifugal  force  of  the  belt  by  reducing  the  effective 


Belt  speed 

Fig.  1     Reduction  of  Belt  Tension  by  Centrifugal  Force 


tension  on  both  the  tight  and  the  loose  sides.     This  counteracting 

component  is  w^r^y,  wherein  is  the  weight  of  a  piece  of  belt  1  ft. long, 
oZ.Z 

and  1  in.  wide,  and  v  is  the  belt  speed  in  ft.  per  sec.     The  complete 


Ti  - 


expression  is 


T.  - 


32.2 


32.2 


=  e'",  according  to  which  the  net  allowable 


tension  in  tlie  belt  decreases  as  the  square  of  the  speed.     Fig.  1  shows 
*  Mechanical  Engineers'  Pocketbook. 
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graphically  the  calculated  reduction.     So  much  for  the  present  theory, 
from  which  the  new  theory  now  diverges. 

3     In  1893,  C.  Otto  Gehrckens^  published  a  table  of  empirical  con- 
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stants  derived  from  experience,  giving  the  effective  pull  to  be  allowed 
in  belts,  in  which  the  following  noteworthy  features  are  contained: 
the  allowable  effective  pull  increases  with  the  speed;  at  constant  speed 


^  Zeitschrift  des  Vereines  deutscher  Ingenieure,  1893,  p.  15. 


2000  A    NEW   THEORY    OF   BELT   DRIVING 

the  load  increases  with  the  diameter  of  the  pulley.  Fig.  2,  which  has 
been  calculated  from  these  constants  and  converted  to  English  units 
is  inserted  to  show  their  general  tendency.  The  curve  for  a  double 
belt  on  a  500-mm.  (19.7-in.)  pulley  has  been  omitted  for  clearness. 
The  tables  and  the  curves  show  that  a  double  belt  should  not  be  ex- 
pected to  carry  twice  as  much  as  a  single  belt.  This  agrees  with  our 
practice. 

4  The  argument  by  which  Mr.  Gehrckens  defends  these  constants 
is  as  follows :  The  leather  in  the  tight  side  of  the  belt  tends  to  stretch 
because  of  the  tension  and  to  contract  again  when  it  passes  over  to  the 
slack  side.  This  successive  expansion  and  contraction  occurs  in  a 
slowly  moving  belt,  but  at  high  speeds  the  alternation  of  position  is 
so  rapid  that  there  is  not  time  for  the  belt  to  assume  a  strain  cor- 
responding to  the  stress.  As  a  result  the  condition  of  equilibrium 
is  found  to  be  a  stretch  corresponding  to  some  value  of  tension  less 
than  the  actual  maximum.  The  stretch  being  the  limiting  condi- 
tion, the  apparent  tension  in  the  tight  side  can  be  increased  with  the 
speed.  Professor  Bird^  in  his  paper  on  Belt  Creep  also  mentioned 
this  feature  of  time  lag.  The  larger  constants  for  pulleys  of  large 
diameter  are  explained  by  the  smaller  bending  stress  caused  by  the 
curvature.  By  a  series  of  over  1000  tests  on  belt  transmission, 
Professor  Kammerer^  of  Charlottenburg  confirmed  this  theory  com- 
pletely and  Fig.  3  shows  his  recommendations.  This  curve  is  based 
on  /  =  0.5  and  e^"  =  3.5,  from  which  we  deduce  that  the  effective 
pull  is  0.7  of  the  available  tension.  It  will  be  noted  that  even  at  a 
speed  of  8000  ft.  per  min.  the  effective  pull  has  not  reached  its  maxi- 
mum. His  research  also  included  extensive  measurements  of  the 
coefficient  of  friction  and  belt  creep,  a  fuller  account  of  which  follows, 
A  description  at  this  point  of  the  testing  apparatus  may  make  the 
discussion  of  his  results  clearer. 

5  Upon  a  steel  girder  base  were  mounted  two  heavy  cast-iron  frames :  one, 
the  measuring  head,  moved  on  16  hardened  steel  balls  in  grooves  so  as  to  reduce 
friction  as  much  as  possible  and  to  compel  a  movement  always  truly  parallel; 
and  the  other,  the  straining  head,  rested  on  a  planed  surface  and  was  moved  by  a 
pair  of  chains.  It  was  realized  that  it  would  be  impossible  to  balance  the  pul- 
leys perfectly  and  the  frames  were  purposely  made  heavy  in  order  to  absorb 
and  damp  out  the  vibrations  which  were  expected  to  occur  at  high  speeds. 
Each  belt-pulley  shaft  was  mounted  on  two  ball  bearings  to  insure  reduced 
and  more  constant  friction  and  carried  at  each  end  the  overhung  armature  of 

1  Trans.  Am.Soc.M.E.,  vol.  26,  p.  584. 

"^  Mitteilungen  (iber  Forschungsarbeiten,  Heft  56-57. 
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an  electric  motor.  By  the  use  of  the  two  motors  the  load  on  the  shaft  was  made 
symmetrical.  This  design  of  the  equipment  involves  the  minimum  number 
of  bearings  with  their  uncertain  friction,  and  avoids  all  couplings  for  trans- 
mitting the  power. 

6  For  measuring  the  belt  pull  two  liquid-pressure  dynamometers  like  those 
used  by  Lieutenant  Emery  were  provided,  together  with  a  set  of  pressure 
gages  of  suitable  ranges.  A  dynamometer  was  placed  on  each  side  of  the  pulley 
on  the  outer  end  of  the  measuring  head.  Scales  and  spring  dynamometers 
were  rejected  because  it  was  feared  that  the  rapid  variations  of  the  belt  pull 
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Fig.  3    Recommended  Loads  for  Single  Leather  Belt 


would  make  the  readings  unsteady.  Belt  creep  was  measured  by  revolution 
counters  attached  to  the  shaft,  simultaneous  starting  and  stopping  being  ac- 
complished by  the  use  of  electromagnets,  The  creep  thus  measured  was  the' 
total  for  both  pulleys.  The  electrical  readings  consisted  of  the  input  to  one 
pair  of  machines  used  as  motors  and  the  output  of  the  pair  on  the  other  shaft 
used  as  generators.  ■' 

7  The  two  motors  on  a  shaft  were  run  as  a  motor-generator  set  (with  belt  ' 
off  the  pulley)  for  the  purpose  of  determining  their  efficiencies.  The  dynamo- 
meters were  calibrated  by  a  standardized  tension  bar  from  the  Reichsanstalt. 
This  bar  was  expensive  and  steel  bands  attached  to  the  two  carriages,  loaded 
in  the  center  and  adjusted  for  constant  deflection  at  the  center,  were  substi- 
tuted.    This  method  checked  well  with  the  other. 

8  The  following  pulleys  were  used:  2500  mm.  (98.5  in.)  in  diameter  and  400 
mm.  (15.75  in.)  wide;  1250  mm.  (49.2  in.)  in  diameter  and  600  mm.  (23.6  in. 
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wide;  600  mm.  (23.6  in.)  in  diameter  and  1000  mm.  (39.4  in.)  wide.  The  dis- 
tance between  centers  of  pulleys  could  be  adjusted  between  the  limits  of  5000 
mm.  (197  in.)  and  7500  mm.  (295  in.).  Both  cast  iron  and  wood  were  used  for 
the  600-mm.  pulleys;  all  the  others  were  built  up  of  structural  steel.  Two  belts 
were  used  for  most  of  the  tests:  a  single  belt  375  mm.  (14.76)  in.  wide  and  3  to  4 
mm.  (0.12  to  0.15  in.)  thick;  and  a  double  belt  400  mm.  (15.75)  in.  wide  and  7  to 
8  mm.  (0.28  to  0.32  in.)  thick.  The  single  belt  weighed  1.25  kg.  per  m.  (0.84  lb. 
per  ft.)  and  the  double  one  2.45  kg.  per  m.  (1.65  lb.  per  ft.).  Both  were  care- 
fully selected  and  tanned.  The  tests  with  an  idler  were  conducted  on  a  single 
belt  150  mm.  (5.9  in.)  wide,  5  mm.  (0.2  in.)  thick,  weighing  0.69  kg.  per  m. 
(0.46  1b.  per  ft.). 

9  The  modulus  of  elasticity  of  each  complete  belt  was  measured  with  the 
belt  on  the  pulleys  and  running  at  a  low  speed.  The  tension  was  read  on  the 
dynamometers  and  the  stretch  was  obtained  from  the  displacement  of  the  strain- 
ing head.     Readings  were  taken  at  intervals  of  two  minutes  and  after  each 
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Fig.  4    Stress-Strain  Diagram  for  Single  Leather  Belt 

reading  the  load  was  reduced  to  the  initial  value.  The  modulus  of  the  single 
belt  increased  from  2500  kg.  per  sq.  cm.  (35,500  lb.  per  sq.  in.)  to  3520  kg.  per 
sq.  cm.  (50,000  lb.  per  sq.  in.),  with  an  average  value  of  3000  kg.  per  sq.  cm. 
(42,600  lb.  per  sq.  in.)  (See  Fig.  4).  The  double  belt  showed  an  average  mo- 
dulus of  elasticity  of  2000  kg.  per  sq.  cm.  (28,500  lb.  per  sq.  in.).  Quite  a 
perceptible  permanent  set  was  noticed.  The  average  modulus  of  elasticity 
of  the  third  belt  was  1250  kg.  per  cm.  (17,800  lb.  per  sq.  in.).  Professor  Good- 
mani  gives  8000  to  10,000  lb.  persq.  in.  for  the  modulus  and  Professor  Bird^ 
reports  12,000  to  30,000  lb.  per  sq.  in.  His  comment  is  that  E  increases  with  the 
tension  when  the  belt  is  running  and  is  probably  larger  the  greater  the  speed. 
Belt  speeds  varied  from  9.56  m.  per  sec.  (1880  ft.  per  min.)  to  60.35  m.  per 
sec.  (11,900  ft.  per  min.).  The  range  of  speeds  and  loads  was  limited  by  re- 
stricting the  tension  in  the  tight  side  to  30  kg.  per  sq.  cm.  (420  lb.  per  sq.  in.). 
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In  the  light  of  the  knowledge  gained  from  the  tests,  the  future  experiments 
will  not  be  limited  by  the  belt  tension,  but  by  a  permanent  stretch  in  the 
belt  within  30  min.,  as  indicated  by  the  dynamometer. 


10    The  following 
Pi  of.  Kammerer: 


conclusions  were  drawn  from  the  tests  by 


The  effective  pull  on  a  belt  is  not  reduced  so  much  by  cen- 
trifugal force  as  the  currently  accepted  method  of  calcu- 
lation would  lead  one  to  expect.  In  other  words,  the 
maximum  allowable  tension  in  a  belt  apparently  increases 
with  the  speed. 

The  coefficient  of  friction  increases  with  the  speed  and 
reaches  values  far  above  that  usually  assumed. 


Initial  tens 

ion 

"^ 

Belt  sjieed 

Fig.  5    Effect  of  Centrifugal  Force  on  a  Belt  Under  Load 


The  maximum  efficiency  of  transmission  is  not  limited  b}^ 
the  speed. 

The  coefficient  of  friction  is  larger  for  large  pulleys  than  for 
smaller  ones. 

A  wooden  pulley  has  a  higher  coefficient  of  friction  than  an 
iron  one,  at  least  when  new. 

Transmission  is  more  efficient  and  the  coefficient  of  friction 
is  higher  when  the  smaller  pulley  drives. 

A  belt  operates  with  higher  efficiency  and  usually  with  less 
creep  when  the  tight  side  is  on  the  bottom. 

A  properly  placed  idler  improves  the  efficiency  of  transmis- 
sion. 

The  neutral  layer  is  symmetrically  located  in  the  belt  so 
that  the  effective  diameter  is  the  sum  of  the  pulley  diam- 
eter and  the  thickness  of  the  belt. 

At  any  speed  the  sum  of  initial  tension  and  centrifugal 
force   is   constant. 
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11  In  connection  with  conclusion  a,  Fig.  5  is  reproduced  from  Pro- 
fessor Kammerer's  report,  which  confirms  the  statement  previously 
made.  The  second  method  of  stating  the  fact  permits  of  a  simpler 
calculation  of  the  effective  pull.  It  was  found  that  for  a  single  belt 
a  working  tension  of  5  kg.  per  cm.  (28  lb.  per  in.)  of  width  at  standstill 
could  be  increased  to  25  kg.  per  cm.  (140  lb.  per  in.)  of  width  at  40 
m.  per  sec.  (7860  ft.  per  min.),  (See  Fig.  3).  Fig.  6,  which  is  a  re- 
cord of  measurements  made  on  the  same  belt  when  not  transmitting 
power,  shows  that  the  calculated  belt  pull  agrees  substantially  with 


Observed  bearing  pressure-deoreiasing  speed  1 ' 

Observed  bearing  pressure-increasing  speed  2  ' 

Calculated  bearing  pressure  3  ' 


Eelt  speed 

Fig.  6    Effect  of  Centkifugal  Force  on  an  Unloaded  Belt 

the  measurements.  Professor  Kammerer's  explanation  of  this  phe- 
nomenon (unexpectedly  low  decrease  in  bearing  pressure)  has  been 
sharply  criticised  by  L.  Benjamin,^  who  asserts  that  the  reduced 
belt  pull  is  due  to  the  actual  speed  of  the  belt  at  the  pulley  being  much 
higher  than  the  average  value.  He  claims  that  on  account  of  the  time 
lag  between  the  tension  and  the  stretch,  the  change  in  stretch  result- 
ing from  the  change  in  tension  as  the  belt  goes  around  the  pulley 
does  not  occur  until  after  the  belt  has  left  the  pulley.  The  combi- 
nation of  the  stretch  and  the  translation  of  the  belt  causes  a  regular 

^  Zeitschrift  des  Vereines  deutscher  Ingenieure,  1909,  p.  655. 
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change  in  its  velocity  as  it  travels  between  the  pulleys.  This  means 
that  the  velocity  of  the  tight  side  as  it  passes  on  to  the  driving  pulley 
is  considerably  above  the  average  and  since  the  speed  is  higher,  the 
effective  pull  must  be  less. 

12  Alexander  Fieber/  by  means  of  a  tachometer  similar  to  the 
cut  meter,  measured  the  speed  at  various  points  along  a  rubber  belt 
running  at  an  average  speed  of  5.04  m.  per  sec.  (990  ft.  per  min.)  with 
a  creep  of  15  per  cent,  and  an  average  speed  of  5.245  m.  per  sec.  (1030 
ft.  per  min.)  with  a  creep  of  5.5  per  cent. 
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Fia.  7    Variation  of  Speed  Along  a  Belt  Transmitting  Power 

The  belt  was  of  best  Para  rubber,  3500  mm.  (138  in.)  long,  100  mm.  (3.94  in.) 
wide,  6  mm.  (0.236  in.)  thick.  The  pulleys  were  1700  mm.  (67  in.)  apart. 
The  average  speed  was  obtained  by  observing  the  motion  of  a  chalk  mark  on 
the  belt.  Fig.  7  is  a  reproduction  of  these  curves,  and  confirms  Mr.  Benjamin's 
contention  that  the  belt  speed  changes  regularly  between  the  pulleys.  Profes- 
sor Kammerer  repeated  the  measurements  on  a  leather  belt  on  pulleys  running 
at  20  m.  per  sec.  (3940  ft.  per  min.).  It  was  a  double  belt  90  mm.  (3.54  in.) 
wide,  with  the  tight  side  on  top.  The  initial  tension  was  17  kg.  per  cm.  (95 
lb.  per  in.),  and  the  effective  pull  was  22  kg.  per  cm.  (123  lb.  per  in.).  Both 
pulleys  were  2500  mm.  (98.5  in.)  in  diameter  and  were  6300  mm.  (248  in.) 
apart.  To  determine  the  speeds  he  used  a  wheel  connected  to  a  revolution 
counter,  which  was  held  at  any  point  for  6  min. 


Zeitschrift  des  Vereines  deutscher  Ingenieure,  1909,  p.  1641. 


20Ut) 


A    NEW   THEORY    OF    BELT   DRIVING 


Fig.  8*  shows  the  measurements  he  reported.  He  found  that  the 
difference  between  the  speeds  of  the  tight  and  the  loose  sides  of  the 
belt  was  only  1.1  per  cent,  which  is  quite  insufficient  to  account  for 
the  increased  capacity  observed. 

13  The  coefficient  of  friction  was  calculated  from  the  geometrical 
arc  of  contact  and  the  tensions  in  the  belt  as  deduced  from  the  load 
and  belt  pull ;  this  is  necessarily  an  average  value,  as  the  formula  as- 
sumes a  regular  increase  of  creep  over  the  whole  arc  of  contact.  With 
arcs  of  contact  of  160  deg.  to  175  deg.,  maximum  values  of  0.5  to 
0.8  were  calculated.  The  value  usually  assumed,  0.28,  should  be 
compared  with  these,  and  also  0.35  which  was  obtained  for  10  kg.  per 
cm.  (56  lb.  per  in.)  by  reducing  the  load  on  a  slipping  belt  until  the 
motion  stopped,  the  pulley  being  stationary.     The  high  values  of 


Percentages  represent    dififerenc-e 
between  Lelt  and  pulley  speeds 

Fig.   8    Variation  of  Speed  Along  a  Belt  Transmitting  Power 

/  calculated  under  certain  conditions  led  to  the  belief  that  the  con- 
tinual creep  of  the  belt  on  the  pulley  produced  a  partial  vacuum  be- 
tween them.  Mr.  Gehrckens^  disagrees  with  this,  however.  The 
coefficient  becomes  very  large  when  Tz  approaches  zero.  Mr.  Wil- 
fred Lewis  has  reported  values  well  over  1.  Mr.  Gehrckens^  says 
that  at  high  speeds,  say  over  50  m.  per  sec.  (9800  ft.  per  min.)  the 
tension  in  the  slack  side  can  be  not  only  zero,  but  negative,  so  that  the 
slack  side  is  not  pulled  along,  but  is  hurled  upon  the  driven  pulley 
and  shoots  out  over  it,  as  actually  happens.  The  well  marked  undu- 
lation in  the  slack  side  is  probably  started  in  this  way  which  persists 
when  once  started,  so  that  it  appears  as  if  the  belt  were  running  in  the 
opposite  direction  from  the  pulley.  For  such  a  case  a  new  formula 
would  have  to  be  developed. 


■  Zeitschrift  des  Vereines  deutscher  Ingenieure,  1909,  p.  1642. 
Zeitschrift  des  Vereines  deutscher  Ingenieure,  1908,  p.  1443. 
Zeitschrift  des  Vereines  deutscher  Ingenieure,  1909,  p.  1820. 
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14  Mr.  Barth^  gives  an  expression  for/  which  involves  the  speed. 
Professor  Kammerer's  curves  apparently  show  that  /  increases  with 
the  speed.  Another  feature  influencing  the  value  of/  is  clearly  shown 
in  Fig.  7.  This  confirms  the  theory  of  Grashof  that  belt  creep  occurs 
only  on  part  of  the  arc  of  contact,  not  on  the  whole  of  it.  The  measure- 
ments show  a  part  of  the  pulley  circumference  over  which  the  belt 
speed  is  constant  and  equal  to  that  of  the  pulley,  while  over  the  rest 
of  the  arc  of  contact  the  speed  changes  rapidly.  For  the  same  Ti 
and  T2,  the  arc  of  creep  is  the  same.  When  the  belt  is  just  on  the 
point  of  slipping  off,  the  arc  of  creep  becomes  equal  to  the  arc  of  con- 
tact. E.  A.  Brauer^  calls  attention  to  the  same  phenomenon  and  says 
it  can  easily  be  shown  as  a  lecture-room  experiment.  Since  different 
values  for  /,  0.4  and  0.35,  were  found  for  the  belt  stationary  with  re- 
spect to  the  pulley,  and  when  slipping  over  it,  the  adoption  of  this 
assumption  would  give  a  still  different  set  of  values  for  /. 

15  The  efficiency,  which  should  be  understood  to  include  the 
losses  in  the  belt  only,  was  the  same  at  26.5  m.  per  sec.  (5200  ft.  per 
min.)  as  at  half  speed  in  a  certain  test.  The  value  0.98  was  reached 
in  each  case,  but  naturally  not  at  the  same  load. 

16  Comparisons  of  values  of  the  coefficient  of  friction  show  that 
they  range  a  little  higher  for  large  pulleys  than  for  smaller  ones. 

17  American  tests  confirm  the  superiority  found  for  wood  pulleys 
but  Mr.  Gehrckens  warns  us  that  belts  do  not  last  as  long  on  wood 
pulleys  as  on  iron.  Paper  pulleys  show  a  higher  coefficient  of  fric- 
tion than  wood. 

18  Differences  of  over  one  per  cent  in  efficiency  and  0.05  to  0.15 
in  /  were  found  for  the  same  pulleys  and  loads,  when  transmitting 
from  low  to  high  shaft  speed  or  the  reverse,  the  most  economical 
transmission  occurring  with  the  higher  speed  shaft  (and  smaller 
pulley)  as  driver. 

19  American  practice  also  calls  for  the  tight  side  of  the  belt  on 
the  bottom,  but  the  idler  is  usually  not  favored.  Unquestionably 
the  reverse  bending  of  the  belt  does  not  tend  to  prolong  its  life,  but 
in  some  cases  the  arc  of  contact  can  be  increased  sufficiently  so  that 
the  effect  of  the  reduced  initial  tension  may  counterbalance  the  de- 
preciating tendency  of  the  reverse  bending.  The  idler  used  in 
the  tests  operated  on  the  slack  side  of  the  belt  and  'was  carried  by  a 
swinging  frame  which  could  be  screwed  down  to  produce  the  tension. 

1  Trans.Am.Soc.M.E.,  vol.  31,  p.  29. 

^  Zeitschrift  des  Vereines  deutscher  Ingenieure,  1908,  p.  965. 
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20  The  conclusion  that  the  neutral  layer  of  a  belt  is  symmetrically 
located  is  generally  accepted,  although  Professor  Bach  has  given  D 
+  I  ^  as  the  effective  diameter  of  a  driving  pulley,  and  D  +  ^  S 
for  a  driven  one  {S  =  thickness  of  belt). 

21  In  consequence  of  the  elasticity  of  the  belt,  its  length  and  de- 
flection between  the  pulleys  is  proportional  to  the  stress  which  is  a 
resultant  of  the  weight  of  the  belt,  the  initial  tension,  and  the  centri- 
fugal force.  The  last  is,  of  course,  constant  for  any  given  speed  and 
causes  only  a  tensile  strain  in  the  belt,  similar  to  hoop  tension.  Now 
if  we  construct  an  expression  for  the  length  of  the  belt,  allowing  for 
its  stretch,  it  will  be  found  that  the  sum  of  the  initial  tension  and 
the  centrifugal  force  is  constant,  as  shown  by  Professor  Kammerer.^ 
This  means  that  as  the  speed  increases,  the  initial  tension  is  replaced 
by  tension  due  to  centrifugal  force.  As  the  centrifugal  stress  is  ab- 
sorbed in  the  belt  and  produces  no  bearing  pressure,  the  increase 
in  speed  causes  a  decrease  in  bearing  pressure. 

22  Let  us  return  to  the  efficiency  of  belt  drives,  which  has  been 
exhaustively  discussed  by  Dr.  K.  Kobes^  and  by  Dr.  F.  Niethammer,* 
by  whom  the  results  of  an  elaborate  method  of  testing  are  reported. 
The  losses  to  be  taken  into  account  are  due  to  the  stiffness  of  the  belt, 
creeping  on  the  pulley,  thickness  of  the  belt,  and  friction  against  the 
air. 

23  Stiffness.  Assume  a  belt  of  width  6i  (in.)  and  thickness  Si 
(in.)  running  over  a  driving  pulley  Di  (in.)  in  diameter  at  ni  r.p.m.,  and 
a  driven  pulley  D2  (in.)  in  diameter  at  712  r.p.m.  If  the  driving  pulley 
delivers  to  the  belt  Ni  h.p.  at  a  speed  Vi  (ft.  per  min.)  =  tt  DiUi, 

the  effective  pull  is  Pi  (lb.)  =  — — ^r— ^^  the  pulley  rim.     The 

loss  due  to  stiffness  was  found  by  Grove*  to  be  represented  by  an  ex- 
pression which  reduces  in  English  units  to 


APi  =  0.167  EbiSi 


I:)"-© 


where  E  is  the  modulus  of  elasticity  of  the  leather.     This  must  be 
reduced  to  the  pulley  rim  as  Dr.  Kobes  subtracts  it  directly  from 

1  Zeitschrift  des  Vereines  deutscher  Ingenieure,  1909,  p.  1820. 
^  Zeitschrift   des  Oesterreichischen  Tngenieure  und  Architekten-Vereines, 
1908,  Nos.   16,  47,  48. 

'  Zeitschrift  des  Vereines  (hiutscher  Ingenieure,  190S,  p.  G6S. 
^Einfache  Maschinenteile,  p.  263. 
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Pi.     The  relative  loss  is 

A  Pi  A  Pi  Vi 


Ni  X  33,000      33,000  iVi 
Fi 

AP,V,  AP,  Fi 

and  the  partial  efficiency  is  1  —        QQQAr '     ^^^  oo  nnn   "^  ^)  ^hen 

a 
the  efficiency  is  1  —  -rjr.     Now  as  long  as  E  and  Fi  are  ccmstant,  a  is 

constant,  so  that  the  equation  for  efficiency  is  a  rectangular  hy- 
perbola, according  to  which  the  efficiency  increases  continually  with 
the  load. 

24     Creep  and  Thickness.     Without  creep  the  belt  would  have  a 
uniform  velocity  throughout,  and  the  speed  of  the  driven  pullej^  n^ 

r.p.m.  would  be  n2'=  7^; — , — r..     The  transmission  of  power  neces- 

sarily  involves  creep,  which  is  proportional  to  the  effective  tension 
on  the  unit  area  of  cross-section,  and  the  effect  of  creep  is  a  loss  of 
velocity.     If  ^^  is  a  constant  of  proportionality,  the  ratio  of  creep  to 

belt  velocity  is  \p      ^_-  _    '         and  the  actual  speed  of  pulley  2  is 

D,+S/  33,000      \ 

^^^^^DTT^i^-^T^fe^^iN 

If  we  had  also  neglected  the  thickness  of  the  belt,  the  speed  of  pulley 

D, 
2  would  have  been  ^2"  =  ni  ".     Since  there  is  no  loss  of  pull  be- 

IJ2 

tween  pulleys  the  efficiency  is  the  ratio  of  actual  to  theoretical 
speed,  or 


na  n2  n2       A      ^2      Di  -\-  S 

^  "    '  Di  "  n\  ^D.^Di^  Do  +  S 
A 


33,000  ^  \ 
F161.S1     7' 


Now  if  6  =  ^^  X  jy^-g  and  c  =  ^^'qqq  '   ,   the   partial  efficiency 

/    Ni    \ 
=  61-        1  which  is  the  equation  of  a  straight  line.  The  efficiency 

therefore  deceases  directly  with  the  load. 
25     Air  Resistance.     According  to  Zahni,^  the  frictional  resistance 

1  Phil.  Mag.,  1904,  vol.  2,  p.  58. 
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R  (lb.)  on  one  side  of  a  plate  1  ft.  wide,  I  ft.  long,  at  a  relative  air  ve- 
locity of  V  ft.  per  sec.  is  i^  =  0.00000778  l^'^^  v^-^\  Using  I  instead  of 
1°'^^  and  taking  e  as  the  distance  between  centers  of  pulleys  we  Iiave, 
for  an  open  belt,  a  total  resistance 


R  =  0.00000778 


(5,  +  ,.),+  (,,  +  2,.)(a,+  ft)--]g)' 


which  gives  a  loss  in  horsepower  of 
0.00000778 


iVa     = 


(60)2«5X550 


4     6i  +  ,Si    e+   6i  +  2.s\     Di+A 


2l^-^ 


This  contains  only  constant  quantities  when  Vi  is  constant  and  hence 
is  independent  of  the  load.  When  this  loss  is  allowed  for  the  total 
efficiency  is  obtained,  the  curve  of  which  is  an  hyperbola. 

26  The  output,  being  the  product  of  the  efficiency  and  the  input, 
follows  an  equation  which  is  that  of  a  parabola.  If  No  is  the  output 
in  horsepower, 


-[ 


».=Hi. +:)»,-(.+«=)-'? 


The  axis  of  the  parabola  is  parallel  to  the  output  coordinate  and  passes, 
through  the  point  of  maximum  output,  which  has  the  coordinates 

Ni  max.  =  -^  - ,  Ni  max.  =  —  (  ~^)  —  ^a-  J- he  curves  con- 
form quite  closely  in  general  features  to  motor  curves.  The  same 
value  of  output  corresponds  to  two  values  of  input  in  most  cases,  and 
the  maximum  output  occurs  at  a  greater  load  than  the  maximum 
efficiency.  The  largest  component  of  the  losses  is  the  creep,  so  that 
the  maximum  output  of  a  belt  would  occur  at  a  creep  of  nearly  50 
per  cent.  Therefore,  the  maximum  output  of  a  leather  belt  may  be 
said  to  have  no  practical  significance. 

27     The  constant  ^  which  occurs  in  the  expression  for  the  creep 

was  found  by  test  to  be  -t-_  in  metric  units  or  7^«^in  English  units. 

According  to  Grashof,     =  E  so  that  tests  show  xp  twice  as  large  as  it 

s3)ould  be.  Possibly  Grashof's  formula  refers  to  the  creep  on  one 
fniUey,  wV^reas  Professor  Kammerer's  measurements  included  both 
•,f>ulleys.     Prjtfiessor  Bird  gives  an  equation  for  creep  of  the  form 
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P. 


E  + 


61  Sx 


which  is  quite  similar  to  the  form  used  above. 

28     The  writer  does  not  agree  with  the  assumption  of  a  loss  due 
to  the  thickness  of  the  belt,  because  it  is  not  clear  to  him  how  such 


TABLE  1  TEST  RESULTS  ON  BELT  EFFICIENCY 


Delivered  to 

BY    MOTOH 

Belt 

Belt  Loss 

Efficiency  of 
Belt 

Effective  Pull  per  Unit 
Width* 

Watts 

1 

H.p. 

Watts 

Kg.  per  C 

ID.       Lb 

.  per  In. 

433 

i 

0.58 

90 

0.79 

1.12 

6.27 

1456 

1.95 

90 

0.938 

2.91 

16.3 

2500 

3.35 

70 

0.972 

4.86 

27.2 

3640 

4.88 

75 

0.979 

7.07 

39  6 

4190 

5.61 

95 

0.977 

8.19 

45.8 

4810 

6.45 

100 

0.979 

1 

9.56 

53.5 

•Belt  speed  at  HOG  r.p.m.  of  generator,  17.3  m.  per  sec.  (3400  ft.  per  mln.) 

TABLE  2  TEST  RESULTS  ON  EFFECTIVE  PULL 


Motor  r.p.m., PerCent  Above 

Effective 

Pull 

Generator  r.p.m. 

Ke.  per  Cm. 

Lb.  per  In. 

2  45 

9.7 

54.3 

1.73 

8.0 

44.8 

1.18 

5.44 

30.4 

0.91 

2.9 

lfi.2 

0.45 

0.8 

4.48 

a  loss  would  be  manifested,  whether  as  heat  or  in  some  other  way. 
There  is  an  increase  of  effective  pull  at  the  face  of  the  driven  pulley 
to  correspond  to  the  decreased  diameter  as  compared  with  the  belt. 
29  Professor  Niethammer's  tests,  which  have  already  been  men- 
tioned, were  carried  out  in  the  following  manner : 

An  electric  motor  was  belted  to  a  dynamo,  both  having  pulleys  of  the  same 
diameter,  and  an  extended  load  test  was  run,  the  readings  being  taken  with 
exceeding  care.  The  pulleys  were  then  removed,  motor  and  dynamo  were  con- 
nected by  a  flexible  coupling,  and  the  tests  were  repeated,  particular  care  being 
taken  that  the  dynamo  potential,  current  and  speed  were  reproduced  exactly 
as  before.     It  was  assumed  then  that  the  input  to  the  dynamo  was  the  same  in 
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both  tests.  The  motor  was  then  disconnected  and  tested  with  a  brake  under 
proper  conditions  to  determine  its  actual  output  in  both  the  previous  tests,  the 
difference  in  motor  output  being  taken  as  the  loss  in  the  belt.  Two  belts  were 
used  rone  a  single  belt  30  mm.  (1.18  in.)  wide,  4.8  mm.  (0.19  in.)  thick;  the  other 
68  mm.  (2.68  in.)  wide,  otherwise  the  same.  The  narrow  belt  was  new.  The 
pulleys  were  300  mm.  (11.8  in.)  in  diameter  and  were  1900  mm.  (75  in.)  on  cen- 
ters.    Table  1  has  been  prepared  from  figures  given  in  the  paper. 

Attention  is  called  to  the  fact  that  the  belt  loss  is  nearly  constant, 
to  the  rapid  rise  of  efficiency  and  to  the  extended  range  of  the  high 
values.  For  the  sake  of  completeness  Table  2,  comprising  the  creep 
curve  on  both  pulleys,  has  been  included.  This  curve  does  not  pass 
through  the  origin.  Professor  Kammerer  reports  an  efficiency  of 
over  0.98  for  a  speed  of  13  m.  per  sec.  (2560  ft.  per  min.)  and  an  effec- 
tive pull  of  about  5  kg.  per  cm.  (28  lb.  per  in.),  while  the  method 
developed  above  gives  97.3  per  cent  at  7.07  kg.  per  cm.  effective  pull. 
This  calculation  is  given  in  Appendix  No.  1. 

30    It  should  be  noted  that  no  allowance  is  made  for  the  increase 
in  bearing  friction  due  to  the  belt  pull  or  to  the  weight  of  the  brake. 


38Mlb.  '  *6?^1^- 

Fig.  9    Loads  and  Bearing^Reactions  Due  lo  Weights 

That  this  increased  friction  may  not  be  inconsiderable  will  be  shown 
by  the  following  example.  Assume  a  5-h.p.  motor  running  at  1100 
r.p.m.  with  an  armature  weight  and  bearing  spacing  as  shown  in 
Fig.  9.  Let  the  pulley  weight  be  taken  as  5  lb.  The  load  on  the  right- 
hand  bearing  is  461  lb.  and  on  the  left-hand  one  38i  lb.  With  a  co- 
efficient of  friction  of  0.02  and  a  bearing  diameter  of  1|  in.,  the  bearing 
friction  is  approximately  16  watts.  At  a  belt  speed  of  3400  ft.  per 
min.  the  effective  pull  for  5  h.p.  is  48.5  lb.  The  total  belt  pull  may  be 
taken  as  twice  this,  or  97  lb.  The  bearing  reactions  are  129^  lb.  for 
the  right-hand  side,  and  minus  32-j  for  the  left-hand  side,  as  shown  in 
Fig.  10.  These  latter  loads  are  horizontal,  while  the  weights  act 
vertically;  therefore  they  must  be  combined  vectorially.  The  resul- 
tant bearing  loads  are  137^  lb.  and  50  lb.  for  the  right  and  left- 
hand  bearings  respectively.  If  the  coefficient  of  friction  is  0.015,  the 
friction  loss  is  approximately  27  watts,  an  increase  of  11  watts, which 
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occurs  in  both  motor  and  generator,  so  that  the  total  increase  is  22 
watts,  which  should  be  noticeable  in  a  loss  of  75  to  100  watts. 

31  Conclusion.  As  a  result  of  the  modern  experimental  work  on 
power  transmission  by  leather  belting,  a  great  deal  of  light  has  been 
shed  on  the  subject  and  the  methods  of  treating  it  must  be  revised. 
It  appears  proved  that  the  maximum  allowable  tension  in  a  belt  is 
not  constant  and  neither  is  the  belt  velocity,  even  though  the  pulleys 
revolve  at  constant  speed.  The  efficiency  of  a  belt  is  shown  to  be 
quite  high,  just  as  high  as  a  good  gear  transmission,  the  overall  effi- 
ciency of  the  belt  transmission  being  considerably  reduced  by  larger 
bearing  friction  losses.  This  shows  that  the  improvements  should 
come  in  the  bearings,  as  by  the  use  of  ball  or  roller  bearings,  for  ex- 
ample.    The  exceptional  flexibility  of  a  belt  transmission  has  made  it 
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a  favorite  for  many  difficult  problems.  We  shall  close  with  the  fol- 
lowing remarkable — and,  we  are  afraid,  over-enthusiastic — prophecy 
of  Mr.  Gehrckens:^ 

Sixty  m.  per  sec.  (11,900  ft.  per  min.)  is  no  limit  to  belt  speeds  at  present.  Belt 
pulleys  have  run  at  500  m.  per  sec.  (98,000  ft.  per  min.).  Brown,  Boveri  and 
Company  have  reached  375  m.  per  sec.  (74,000  ft.  per  min.);  the  Schuckert 
Company  run  flywheels  at  100  m.  per  sec.  (19,600  ft.  per  min.),  (and  so  do 
American  manufacturers)  .^  Air  resistance  is  an  important  feature  at  such 
speeds.  When  air  is  excluded  the  resistance  decreases  to  one-half,  and  in  a 
vacuum  it  is  almost  nothing.  *  *  *  We  are  by  no  means  close  to  the  limit 
of  belt  speeds,  and  the  capacity  of  the  belt  does  not  commence  to  increase  until 
high  speeds  are  reached.  Steam  turbine  speeds  are  so  high  that  some  reducing 
device  must  be  provided  and  for  this  purpose  the  belt  is  the  simplest  and  most 
practical  connecting  link.  With  transmissions  at  such  high  speeds  the  con- 
struction must  be  painstaking  and  the  crowning  of  the  pulley  is  an  important 
feature. 


1  Zeitschrift  des  Vereines  deutscher  Ingenieure,  1908,  p.  1444. 

2  Parenthetical  expression  is  Mr.  Haar's  own  comment. 


APPENDIX  NO.  1 

CALCULATION  OF  BELT  EFFICIENCY 

32  Example.  A  motor  delivers  4.88  h.p.  to  a  belt  L18  in.  wide,  0.189  in. 
thick,  running  3450  ft.  per  min.  over  pulleys  11.8  in.  in  diameter  and  75  in.  apart. 
The  driven  pulley  makes  1100  r.p.m.     What  is  the  efficiency? 


r         /0.189\2] 


AP,  =  0.167  X  31,300  X  1.18  X  0.189  X  |  2  X  |  rr^   j   \  =  0.595  lb 
0.595X3450      ^  __  , 

«  =       .;;r^^  ^  =  0.0621  h.p. 

33,000 


b  =  1 

3450  X  1.18  X  0.189 

566  h.p. 

c  =                           z.           —  <■ 

^'•'"'»>^  16:700 

0.00000778     [4(1.18  +  0.189)       ^  ^^   ,    /l.  18  +  0.378 
^"^-(60)--X550[             12              -C...  |(^           ^2 

/11.8  +  11.8\  TT 

V         12         )2\ 

(3450)*-85  =  0.00476  h.p. 

.V2  (output)  = 

r  /          0.0621 
1^    ^      366 

-)4.88-(o.0621+°-7''') 

(4.88^2 
366" 

N2  N2  0.0621       0.0621  +  0.00476       4.88 

Effic  ency      =  —  =  — ^  =  1  +        — =  0.973 

^  iV,         4.88  366  4.88  366 

The  loss  is  about  equally  divided  between  creep  and  stiffness,  the  air  fric- 
tion being  negligible. 
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NOTES  ON  THE  VALUE  OF  NAPIER'S  COEFFI- 
CIENT WITH  SUPERHEATED  STEAM 

Bt  Isaac  Hartek,  Jr.,  Bayonne,  N.  J. 
Associate  Member  of  the  Society 

Owing  to  the  fact  that  there  do  not  appear  to  be  any  data  on  the 
value  of  Napier's  coefficient  with  superheated  steam,  the  writer  is 
led  to  submit  the  results  of  some  incidental  observations  made  during 
the  past  year  in  connection  with  a  series  of  tests  run  for  a  quite  differ- 
ent purpose.  The  values  recorded  are  for  superheats  between  45  and 
195  deg.  fahr.,  but  unfortunately  the  entire  series  is  confined  to  a 
quite  narrow  range  of  pressures,,  viz.,  between  138  and  148  lb.  above 
the  atmosphere. 

2  The  boiler  used  in  these  tests  was  fired  with  a  chain-grate  stoker 
and  was  fitted  with  a  superheater  of  a  special  type,  designed  so  as 
to  conveniently  secure  various  amounts  of  heating  surface  with  practi- 
cally constant  superheat  for  each  arrangement  at  a  given  boiler  capac- 
ity. Each  test  was  of  five  hours  duration,  preceded  by  a  preliminary 
run  of  from  four  to  five  hours,  depending  upon  the  time  necessary 
to  bring  the  various  observations  to  a  constant  state.  A  special  feed 
line  was  used,  the  main  feed  being  blocked  by  two  valves  with  an 
open  drain  between.  The  boiler  blow-off  outlet  was  visible,  and 
special  care  was  taken  to  inspect  all  parts  of  the  boiler  before  and 
after  each  test  to  make  sure  that  there  was  no  leakage.  The  water 
used  was  measured  in  two  tanks,  the  contents  of  which  could  be  read 
at  any  level  within  an  error  of  0.2  of  I  per  cent.  The  feed  water  was 
regulated  by  a  man  stationed  at  the  waterglass  to  within  |  in.  of  a 
fixed  height  at  all  times  and  the  water  level  was  brought  exactly  to 
this  fixed  point  at  the  close  of  each  hour  to  secure  hourly  readings. 
An  error  of  i  in.  in  water  level  at  the  close  of  any  of  these  tests  would 
have  caused  an  error  of  0.37  of  1  per  cent,  and  considering  the  care 
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taken,  the  probable  error  for  any  test  was  less  than  this  amount.  That 
the  errors  of  observation  were  small  is  shown  by  the  regularity  with 
which  the  plotted  results  compare  with  an  average  curve  drawn 
through  them. 

3  The  diaphragm  containing  the  orifice  was  placed  at  a  short  dis- 
tance beyond  the  superheated  outlet,  and  immediately  below  the  dia- 
phragm was  placed  a  thermometer  well  and  a  connection  for  a  pres- 
sure gage.  The  thermometer  used  at  this  point  had  a  scale  corrected 
for  stem  radiation.  The  pressure  gage  was  furnished  with  a  scale 
specially  calibrated,  and  was  in  addition  checked  by  means  of  inter- 
change with  other  similar  gages  at  other  points  on  the  boiler  and  by 
difference  readings  taken  from  time  to  time  during  the  running  of 
each  test.  The  gages  were  also  tested  with  a  dead-weight  apparatus 
a  number  of  times  during  the  series  of  tests. 

4  The  outlet  beyond  the  diaphragm  consisted  of  a  fixed  length  of 
piping.  Pressure  readings  taken  just  beyond  the  diaphragm  showed 
3  lb.  above  the  atmosphere,  an  amount  entirely  negligible  with  respect 
to  pressures  on  the  high  side  of  the  diaphragm,  so  far  as  its  effect  in 
altering  the  weight  of  steam  discharged  is  concerned. 

5  The  same  orifice  was  used  in  all  the  tests.  It  was  formed  in  a 
^-in.  plate  with  edges  rounded  to  a  i-in.  radius,  the  contracted 
diameter  being  1.200  in.  In  figuring  results,  no  correction  was  made 
for  expansion  due  to  the  temperature  of  the  diaphragm,  owing  to  the 
smallness  of  the  error  arising  from  this  source. 

6  The  amount  of  steam  for  any  one  test  did  not  vary  more  than 
5  per  cent  from  the  average  amount  of  all  the  tests. 

7  The  results  of  these  tests  are  plotted  in  Fig.  1,  in  which  curve 
No.  1  shows  the  Napier  coefficient  corresponding  to  each  set  of  the 
readings  obtained  in  the  various  tests.  Calibration  tests  of  the  orifice 
for  saturated  steam  show  a  coefficient  of  about  72.3,  the  difference 
between  this  value  and  the  ordinary  figure  of  70  being  no  doubt  due 
to  the  form  of  the  orifice.  Taking  the  probable  water  error  at  0.2 
per  cent,  the  pressure  error  at  0.4  per  cent  and  the  orifice  error  0.1 
per  cent,  it  will  be  noted  that  the  total  error  approximately  accounts 
for  the  discrepancy  in  those  tests  that  lie  furthest  from  the  average 
curve. 

8  The  formula  for  determining  Napier's  coefficient  as  plotted  in 
curve  No.  1.  is 
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where  Ci  =  Napier's  coefficient 

p  =  the  various  test  pressures  in  lb.  per  sq.  in.  abs. 
W=  the  weight  of  steam  flowing  per  sec.  in  lb. 
a  =  the  area  of  the  orifice  in  sq.  in. 

9  In  curve  No.  2,  the  cu.  ft.  of  steam  discharged  per  sec.  is  shown 
for  different  amounts  of  superheat,  the  results  being  reduced  to  the 
basis  of  the  average  pressure  which  existed  in  the  tests  in  order  to 
make  the  volume  discharged  depend  on  the  temperature  only. 

10  Writing  instead  of  p,  pi  (159.7)  an  arbitrary  constant  pressure 
approximating  the  mean  pressure  of  the  various  tests,  and  multiply- 
ing by  Vi,  the  specific  volume  of  the  steam  at  the  various  superheats, 
we  have 

T7.F.=  ?lil! [2] 

where  Wi  Vi  represents  the  volume  of  steam  in  cu.  ft.  per  sec.  which 
flows  through  the  orifice  for  the  various  tests,  on  the  assumption  that 
the  pressure  was  constant  for  all  the  tests.  These  values  are  plotted 
and  form  the  bases  of  curve  No.  2. 

11  To  solve  [2]  we  employ  the  usual  equation  for  specific  volume 
of  superheated  steam,  which,  on  substituting  certain  known  values, 
becomes 

,,       93.011  7'-1097P°''^  r^, 

y  1  = s l*^J 


where  P  =  23,040  lb.  sq.  in.  abs.  pressure,  the  approximate  average 
for  the  tests  and  T  =  824.1,  the  corresponding  absolute  temperature. 
A  subsidiary  formula  used  in  arriving  at  the  formula  for  Vi  is 

k-l   ^   iCj,-Jlp   j^j 

^  rpdp  ^ 

In  this  formula  Cp  is  taken  at  0.525,  this  being  the  mean  value  most 
nearly  approximating  the  temperature-pressure  conditions  of  the  vari- 
ous tests.  The  value  of  h  employed  is  that  given  in  Professor  Heck's 
paper  on  the  Thermal  Properties  of  Superheated  Steam. ^    The  value 

dp 
TT  employed  corresponds  to  the  pressure  and  temperature  as  given 

'Trans.  Am.  Soc.  M.  E.,  vol.  30,  p.  292. 
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above  and  equals  1.9943.  The  pressure  is  of  course  a  linear  factor  in 
Napier's  coefficient  with  saturated  steam,  and  even  though  it  is  not 
so  with  superheated  steam,  the  results  are  interesting  as  indicating 
how  far  from  constant  the  coefficient  is  for  superheated  steam  for 
the  given  pressure. 

12  Dividing  the  value  given  in  curve  No.  2  by  the  specific  volume 
Vi  corresponding  to  the  observed  temperature,  and  the  constant 
pressure  pi  (159.7),  we  have  the  weight  of  Wi  discharged,  assuming 
that  the  initial  pressure  remains  constant  and  equal  to  pi.  These 
values  are  plotted  and  form  the  bases  of  curve  No.  3,  the  weight  of  W-i 
being  determined  by  means  of  the  equation 

Tf.=  ^ [5] 

13  No  quantitative  results  can  be  obtained  from  these  data  to 
show  the  effect  of  superheat  on  flow  of  steam  in  piping,  but  in  general 
they  seem  to  indicate  the  necessity  of  investigation  and  probable 
revision  of  the  assumption  frequently  made  that  sul^stantially  smaller 
pipe  sizes  can  be  used  for  the  transfer  of  a  given  amount  of  energy 
with  a  given  pressure  drop. 


COMBUSTION  AND  BOILER  EFFICIENCY 

THE  IMPORTANCE  OF  CARBON  DIOXIDE  AS  AN  INDEX  TO  COM- 
BUSTION AND,  IN  CONNECTION  WITH  FLUE-GAS 
TEMPERATURE,  TO  BOILER  EFFICIENCY 

By  Edw.  a.  Uehling,  Passaic,  N.  J. 
Member  of  the  Society 

It  is  now  fully  recognized  by  all  progressive  and  observing  engi- 
neers and  managers  of  power  houses  that  there  is  more  room  for  econ- 
omy in  the  boiler  house  than  in  any  other  part  of  the  plant.  It  is 
therefore  not  due  so  much  to  lack  of  recognition  of  the  fact  that  there 
is  still  from  5%  to  25%  of  the  available  energy  of  the  coal  needlessly 
wasted  that  this  waste  continues  to  an  appalling  degree,  as  to  the 
inherent  difficulty  in  regulating  combustion  so  that  the  loss  may  be 
reduced  to  a  minimum. 

2  A  steam  engine  correctly  designed,  j^roperly  constructed, 
accurately  adjusted  and  adapted  to  the  work  to  be  performed  will 
give  maximum  economy.  The  attendant  can  do  little  or  nothing 
either  to  increase  or  to  decrease  its  efficiency.  This  is  true  also, 
and  perhaps  even  to  a  greater  degree,  of  the  steam  turbine  and  the 
dynamo.  Certain  definitely  fixed  and  automatic  adjustments  hav- 
ing been  found  to  give  maximum  economy,  the  efficiency  will  con- 
tinue so  long  as  these  adjustments  are  maintained.  An  occasional 
economy  test  is  all  that  is  required  to  maintain  maximum  efficiency. 

3  The  efficiency  of  the  steam  generator  depends  on  far  more 
complex  conditions,  many  of  which  are  not  only  beyond  control 
but  are  continually  changing.  Some  of  them  are:  First,  atmospheric 
conditions;  i.e.,  the  barometric  pressure,  humidity  of  the  atmo- 
sphere, direction  and  velocity  of  the  wind,  all  of  which  affect  com- 
bustion. Second,  the  quality  of  the  fuel,  which  at  best  is  never  quite 
uniform,  even  when  similar  in  kind,  and  often  varies  greatly  in  itscon- 
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tent  of  moisture,  fixed  carbon,  volatile  combustible  matter,  oxygen, 
ash,  etc. ;  also  its  physical  condition,  unless  specially  prepared,  may 
and  often  does  vary  from  large  lumps  to  fine  powder.  Third,  the  con- 
dition of  the  boiler  as  to  setting,  dirty  heating  surface,  air  infiltration, 
draft,  etc.  The  grates  become  choked  with  slate  and  clinker,  obstruct- 
ing the  air  passage  and  causing  irregular  flow,  resulting  in  a  deficiency 
in  one  place  and  an  excess  in  another.  Every  one  of  these  variables 
affects  the  efficiency  of  the  boiler  furnace.  Fourth,  the  required  out- 
put, which  varies  in  some  plants  between  very  wide  limits,  not 
infrequently  from  50%  overload  to  50%  below  normal  capacity  in 
short  intervals  of  time. 

4  From  the  foregoing  it  becomes  quite  evident  that  steam- 
boiler  economy  is  a  complex  problem,  and  no  matter  how  well  a 
boiler  may  be  designed  and  how  perfectly  constructed,  it  cannot  be 
permanently  adjusted  to  operate  with  maximum  efficiency  under 
the  varying  conditions  which  obtain,  even  under  the  most  favorable 
circumstances.  Permanent  adjustments  of  a  steam  boiler  cannot 
be  made,  as  in  a  steam  engine,  to  obtain  maximum  efficiency. 

5  The  heat  energy  carried  off  by  the  flue  gas  in  general  boiler- 
room  practice  is  rarely  as  low  as  15%  and  not  infrequently  reaches 
40%  of  the  calorific  value  of  the  fuel  burned  under  the  boiler. 

6  This  loss  is  made  up  of  two  distinct  factors,  the  sensible  heat  of 
the  flue  gas  and  the  potential  heat  of  the  combustible  constitutents 
it  contains.  The  former  varies  directly  as  the  stack  temperature 
and  inversely  as  the  percentage  of  CO2.  The  latter  is  independent 
of  the  stack  temperature,  but  for  any  given  percentage  of  com- 
bustible constitutents  in  the  flue  gas  the  loss  also  varies  inversely 
as  the  percentage  of  CO2.  The  only  heat  loss  that  is  independent 
of  the  percentage  of  CO2  in  the  flue  gas  is  that  due  to  the  mois- 
ture contained  in  the  fuel,  but  it  is  dependent  on  the  stack  tempera- 
ture. The  percentage  of  CO2  and  the  stack  temperature  are,  there- 
fore, the  two  controlling  factors. 

7  For  any  given  boiler  and  setting  driven  at  a  given  rate  the  tem- 
perature of  the  flue  gas  depends  on  the  condition  of  the  heating  sur- 
face and  on  the  amount  of  air  infiltration.  When  the  heating  sur- 
face becomes  dirty,  either  inside  or  outside,  or  both,  the  stack  tem- 
perature will  be  correspondingly  higher,  other  conditions  being  the 
same.  Air  infiltration  lowers  the  stack  temperature  in  proportion 
to  its  ratio  to  the  actual  products  of  combustion.  We  have,  there- 
fore, two  conflicting  conditions  that  influence  the  stack  temperature. 
Because  of  dirty  heating  surface,  it  should  be  above  normal,  but  air 
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infiltration  may  actually  bring  it  below  normal,  so  that  the  stack 
temperature  alone  cannot  be  depended  upon  as  an  index  to  either 
economical  or  wasteful  operation,  especially  since  it  gives  no  clue  to 
the  efficiency  of  the  furnace. 

8  When  excessive  air  infiltration  takes  place,  it  becomes  manifest 
at  once  by  an  abnormally  low  percentage  of  CO2,  so  that  a  knowl- 
edge of  the  latter  is  necessary  to  understand  the  true  significance  of  the 
former.  Hence,  it  is  evident  that  to  produce  maximum  economy, 
or  even  good  average  results,  some  means  should  be  provided  to 
indicate  to  the  attendant  continuously  what  his  fires  are  doing. 

9  Provided  the  boiler  is  properly  designed  and  set  and  is  otherwise 
in  proper  condition,  i.e.,  clean  inside  and  out,  its  economy  depends 
entirely  on  the  regulation  of  the  furnace.  This  again  depends  upon 
the  regularity  of  fuel  and  air  supply  in  the  correct  proportion  and 
through  the  proper  channels.  Since  the  composition  of  the  products 
of  combustion  gives  immediate  evidence  of  the  furnace  operation, 
it  follows  that  in  the  analysis  of  the  flue  gases  lies  the  key  to  the 
attainment  of  maximum  efficiency,  and  the  most  progressive  engineers 
and  managers  of  power  plants  have  employed  gas  analysis  in  a  more 
or  less  thorough  manner  as  a  means  for  obtaining  increased  boiler- 
house  economy. 

10  Since  the  excess  of  oxygen  is  necessary  for  complete  com- 
bustion, it  is  held  by  some  combustion  experts  that  O  is  a  better 
index  to  the  efficiency  of  combustion  and  boiler  economy  than 
CO2. 

11  A  study  of  the  classified  tables  of  analyses  given  in  Appendix 
No.  1,  and  more  especially  a  study  of  the  diagrams  (Figs.  1  to  4) 
plotted  from  these  analyses,  may  lead  to  the  conclusion  that  the 
percentage  of  0  might  answer  as  well  as  the  percentage  of  CO2,  but 
hardly  better.  When  we  consider  that  CO2  is  very  much  more  readily 
determined  than  O,  and  that  there  are  a  number  of  practicable 
instruments  on  the  market  that  will  autographically  record  the  per- 
centage of  CO2  in  the  flue  gas  at  short  intervals,  one  of  which  will 
make  a  continuous  record  and  at  the  same  time  indicate  the  percent- 
age of  CO2  at  the  boiler  front,  there  can  be  little  room  for  doubt  as 
to  which  of  the  constituents  is  the  better  adapted  to  serve  as  the 
index  of  economical  combustion. 

12  It  may  be  questioned  whether  a  knowledge  of  the  percentage 
of  CO2  is  sufficient  for  economical  firing.  Is  it  not  necessary  to  know 
the  percentage  of  oxygen  (O),  carbon  monoxide  (CO),  hydrogen  (H) 
and  hydrocarbons  (CxHy)  as  well? 
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13  For  scientific  tests  and  investigations,  complete  analyses  of 
the  products  of  combustion  should  always  be  made,  and  if  in  addition 
a  heat  balance  is  to  be  made,  it  is  necessary  to  determine  the  weight 
of  the  coal,  the  volume  or  weight  of  the  water,  thequaltiyof  the  steam 
as  to  entrained  moisture  and  superheat,  and  the  weight  of  ash  and 
the  unconsumed  carbon  it  contains.  It  is  evident  that  such  tests 
can  only  be  carried  on  by  an  expert  with  the  necessary  scientific 
apparatus  and  the  help  of  competent  assistants.  They  are,  there- 
fore, not  available  for  every-day  practice.  Occasional  tests  are 
undoubtedly  of  great  value,  especially  for  the  purpose  of  determining 
the  most  economical  percentage  of  CO2  for  the  kind  of  fuel  used  and 
the  conditions  prevailing,  but  what  is  needed  is  a  continuously  avail- 
able index.  For  such  index  the  choice  can  lie  only  between  CO2 
and  0  and,  for  reasons  already  given,  CO2  is  much  to  be  preferred. 
p^l4  The  tables  of  analyses  and  the  graphic  illlustrations  show 
conclusively  that  under  normal  conditions  of  combustion  there  is  a 
very  definite  relation  between  the  percentage  of  CO2  and  0  contained 
in  the  flue  gas.  The  percentage  of  0  falls  almost  exactly  in  the  same 
ratio  as  CO2  goes  up  and  vice  versa.  The  analyses  also  show  con- 
clusively that  there  is  no  relation  between  either  O  or  CO2  and  CO. 
High  O  and  low  CO2  is  no  guarantee  that  CO  may  not  be  present, 
nor  does  it  follow  that  high  CO2  and  low  0  means  incomplete  com- 
bustion. All  that  we  can  discern  with  certainty  is  that  there  is  a 
tendency  toward  higher  CO  as  the  percentage  of  CO2  goes  up.  This 
tendency  increases  very  moderately  at  the  lower  range  of  CO2  but 
more  and  more  rapidly  as  the  maximum  percentage  of  CO2  is  reached. 
Since  the  ratio  of  carbon  burned  to  CO  to  that  burned  to  CO2  equals 

p 
—   (see  Par.  51),  it  follows  that  the  loss  (Lc)  due  to  carbon 

monoxide  for  the  same  percentage  of  CO  varies  inversely  as  the  per- 
centage of  CO2,  e.g.,  1%  of  CO  in  flue  gas  containing  5%  of  CO2  causes 
as  great  a  loss  as  3%  CO  associated  with  15%  of  CO2.  The  same 
holds  true  of  the  loss  due  to  all  the  combustion  products  with  the 
exception  of  the  moisture  contained  in  the  fuel.  The  general  con- 
clusion that  the  chimney  heat  loss  varies  inversely  as  the  percentage 
of  the  CO2  in  flue  gas  seems,  therefore,  warranted.  Modifying 
influences  are  considered  in  Pars.  22  to  26. 

15  The  tables  in  Appendix  No.  1  constitute  1130  flue-gas  analyses 
from  various  sources,  representing  many  kinds  of  fuel  and  furnace 
conditions.  These  analyses  were  classified  in  Tables  1,  3,  5,  7  and 
9  with  reference  to  the  percentage  of  CO2  and  in  Tables  2,  4,  6,  8 
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and  10  with  reference  to  the  percentage  of  O.  For  the  benefit  of 
those  who  kindly  furnished  a  large  number  of  these  analyses,  they 
were  further  classified  according  to  source  and  some  of  these  again 
with  reference  to  totals  obtained  by  adding  together  the  three  oxygen 
components,  viz.,  CO2,  O  and  CO. 

16  The  right-hand  column  of  each  table  gives  the  total  of  the 
components  determined  and  it  will  be  noticed  that  these  totals  vary 
considerably.  In  the  Government  analyses  (Tables  1  and  2)  they 
vary  from  16.7%  to  20.8%,  i.e.,  fully  4.1%  of  the  total  gas  or  20% 
from  one  another.  There  is,  however,  only  one  instance  below  17% 
and  only  four  below  18%,  20  between  18%  and  19%,  287  between 
19%  and  20%,  and  277  between  20%  and  20.8%,  which  is  the  highest 
total  found. 

17  The  sum  of  the  percentages  of  CO2,  0  and  CO  contained  in 
flue  gas  varies  with  the  excess  of  air,  the  degree  of  completeness  of 
combustion,  the  composition  of  the  fuel  and  the  temperature  at 
which  the  gas  is  analyzed.  When  combustion  is  complete  and  the 
fuel  consists  of  carbon  only,  the  sum  of  CO2  and  O  cannot  exceed  the 
percentage  of  oxygen  in  the  air,  viz:  21%  (see  Par.  47).  It  will 
always  be  less  than  this,  because  the  gas  is  saturated  with  moisture, 
which  in  general  gas  analyses  is  reckoned  with  the  nitrogen.  This 
introduces  a  possible  difference  of  1.3%  due  to  the  differences  in  the 
moisture  content  of  the  gas  between  62  deg.  and  92  deg.,  a  range  of 
30  deg. 

18  Incoxnjplete  Combustion.  When  carbon  is  burned  to  CO  every 
molecule  of  O2  combines  with  two  atoms  of  carbon  and  forms  two 
molecules  of  CO.  The  gas  may,  therefore,  contain  34.7%  of  CO  as  a 
maximum.  Therefore,  if  combustion  is  incomplete  and  CO  is 
present,  the  sum  of  CO2  +  O2  +  CO  in  dry  gas  may  be  greater  than 

34  y 21 

21%  by  an  amount  equal  to  — '- X  CO  =  0.4  CO,  so  that  in  this 

34.7 

case  the  sum  of  the  oxygen  components  in  saturated  gas  would  be 

H  O  X  21 

21  +0.4  CO  —     ^ .  Since  the  percentage  of  CO  in  normal 

100  ^  ^ 

flue  gas  reaches  1%  only  in  exceptional  cases  and  the  reduction  due 
to  moisture  is  not  likely  to  be  less  than  1%,  flue-gas  analyses  in 
which  the  sum  of  the  oxygen  components  exceeds  21%  must  be  looked 
on  with  suspicion. 

19  In  burning  fuel  containing  any  considerable  quantity  of  hy- 
drogen the  sum  of  CO2+O2+CO  will  always  be  less  than  21%  in 
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normal  flue  gas,  because  all  the  oxygen  which  combines  with  the  H2 
forms  water  vapor,  which  is  condensed,  while  the  nitrogen  remains 
as  a  diluent.  Carbon  and  hydrogen  require  respectively  152  and 
457  cu.  ft.  of  air  for  complete  combustion  (see  Par.  47  and  55). 
The  products  of  combustion  are  composed  of  31.92  cu.  ft.  of  CO2 
and  120.08  cu.  ft.  of  nitrogen  for  carbon  and  361  cu.  ft.  of  nitrogen 
for  hydrogen.  When  burning  fuel  containing  a  high  ratio  of  avail- 
able hydrogen  to  carbon,  Illinois  bituminous  coal  for  example,  in 

jj 
which  — ^  =  0.06,  assuming  complete  combustion  with  the  theoreti- 

C 

152  X  21 

cally  required  volume  of  air,  then =  18.4%  is  the 

152-f-(361X0.06) 

maximum  CO2  obtainable  from  this  coal.  If  the  above  coal  is  burned 
with  50%  excess  of  air,  again  assuming  complete  combustion,  the 

152  X  21 

flue  gas  would   be   composed   of    =  12.25%  CO2   and 

^  ^  228  +  32.5 

86  8  X  21 

— ' =  7%  0,   or  a  total  of   19.25%.      Now  if  we  assume 

228  +  32.5 

the  gas  to  contain  0.5%  CO,  the  sum  of  CO2+O2+CO  =  12.25 
+7+0.4X0.5  =  19.45%.  [if  the  gas  were  analyzed  at  a  tempera- 
ture of  92  deg.  the  result  would  be  9.6%  less  than  the  above,  due 
to  moisture  in  the  gas.  The  analytical  result  would  therefore  be 
17.58%. 

20  This  is  an  extreme  case,  but  it  shows  that  large  variations  may 
legitimately  occur  in  the  sum  of  the  oxygen  components  contained  in 
combustion  products.  It  also  shows  that  the  temperature  at  which 
gas  analyses  are  made  should  be  taken  into  consideration.  It  brings 
out  the  further  fact  that  the  maximum  percentage  of  CO2  that  may 
be  contained  in  flue  gas  decreases  as  the  ratio  of  carbon  to  hydogen 
in  the  coal  increases,  from  which  it  becomes  evident  that  the  most 
economical  percentage  of  CO2  must  vary  with  the  kind  of  fuel.  It 
will  be  several  per  cent  higher  with  anthracite  than  with  bituminous 
coal,  and  varies  in  the  latter  with  the  ratio  of  carbon  to  available 
hydrogen. 

21  The  highest  practicable  furnace  efficiency  obtains  when  the 
greatest  possible  part  of  the  potential  energy  contained  in  the  coal 
is  converted  into  sensible  heat  by  combustion.  The  highest  boiler 
efficiency  results  when  a  minimum  of  this  heat  is  carried 'off  by  the 
flue  gas.     The  former  is  realized  when  combustion  is  complete,  the 
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latter  when  the  weight  and  temperature  of  the  flue  gas  are  a  mini- 
mum. Since  the  weight  of  flue  gas  decreases  as  the  percentage  of  CO2 
increases,  high  boiler  efficiency  requires  high  CO2. 

22  On  the  other  hand,  when  the  furnace  is  run  so  as  to  produce  a 
maximum  percentage  of  CO2  there  is  danger  of  reducing  its  efficiency 
because  of  incomplete  combustion  due  to  a  minimum  of  free  oxygen. 
It  would  seem,  therefore,  that  the  highest  combined  efficiency  of 
boiler  and  furnace  would  be  obtained  when  the  gain  due  to  reduced 
weight  of  flue  gas,  i.e.,  due  to  an  increased  percentage  of  CO2  is  balanced 
by  the  loss  due  to  incomplete  combustion. 

23  The  most  economical  percentage  of  CO2  varies  theoretically 

with  the  ratio  of  available  hydrogen  to  carbon  j  ^  ),but  in  practice 

it  is  influenced  by  many  modifying  conditions.  In  every  case,  how- 
ever, there  is  a  percentage  of  CO2  which  gives  best  results.  Its  value 
as  an  index,  therefore,  is  not  dependent  on  the  kind  of  fuel  used  or 
the  local  conditions  existing. 

24  Next  to  careless  or  unskillful  firing,  air  infiltration  causes  the 
greatest  loss  in  the  flue  gas.  Unless  especially  provided  against,  it 
is  rarely  less  than  15  to  20%  of  the  volume  of  the  flue  gas  and  not 
infrequently  reaches  50%  arid  over  when  cracks  in  the  settings  are 
allowed  to  exist  and  warped  and  badly  fitting  cleaning  doors  are 
tolerated.  Professor  Breckenridge,  in  his  discussion  of  the  boiler 
tests  carried  on  by  the  Government  under  his  direction  at  St.  Louis, 
estimates  the  air  infiltration  at  from  25  to  30%,  and  it  would  be  pre- 
sumptuous to  assume  that  the  boilers  used  for  these  tests  were  not 
in  at  least  as  good  condition  as  those  in  the  average  power  plant. 
1-  25  Comparing  Tables  1  and  2  with  Tables  5  and  6  it  will  be  noticed 
that  the  percentage  of  CO2  is  much  lower  in  the  former  than  in  the 
latter  set  of  analyses  and,  what  is  even  more  striking,  that  CO  occurs 
with  greater  frequency  and  in  larger  amount  in  the  Government  tests 
than  in  those  represented  in  Tables  5  and  6.  It  would  seem  proper 
to  infer  that  this  is  due,  largely  at  least,  to  much  greater  air  infiltra- 
tion in  the  former  case  than  in  the  latter  and  that  at  least  20% 
should  be  added  to  the  CO2  and  CO,  and  subtracted  from  the  O  in 
order  to  represent  correctly  the  composition  of  the  combustion  pro- 
ducts formed  in  the  furnace.  From  Tables  5  and  6  it  is  apparent 
that  a  high  percentage  of  CO2  is  possible  without  undue  loss  of  com- 
bustible in  the  flue  gas. 

26  Tables  7  and  8  are  peculiar  in  that  the  sum  of  the  oxygen 
components  is  below  19%.     Compared  with  Tables  5  and  6  oxygen 
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is  low,  and  the  CO  is  rarely  absent  and  comparatively  very  high. 
Unfortunately  there  are  no  data  upon  which  to  base  an  explanation. 
It  is  probable,  however,  the  analyses  in  Tables  7  and  8  were  made  at 
a  higher  temperature  than  those  in  Tables  1,  2,  3  and  4.  It  is  also 
possible  that  the  oxygen  may  not  have  been  fully  absorbed,  but  this 
is  mere  conjecture.  The  high  percentage  of  CO,  even  in  connection 
with  a  comparatively  moderate  percentage  of  CO2,  points  to  injudi- 
cious firing.  There  are  good  reasons,  however,  to  suspect  that  there 
is  something  wrong  with  these  analyses  and  part  of  those  in  Tables 
9  and  10.     These  reasons  are  given  in  Par.  32. 

27  Tables  3  and  4  show  a  set  of  analyses  which  were  obtained 
from  tests  of  a  locomotive  under  widely  varying  conditions  of  forced 
draft,  which  ranged  from  0.59  in.  to  11.8  in.  of  water,  the  correspond- 
ing rates  of  driving  varying  from  19.2  lb.  to  114.6  lb.  of  coal  burned  per 
sq.  ft.  of  grate  surface  per  hr.  The  analyses  are  unique,  because  of 
the  facts  just  mentioned  and  because  conditions  absolutely  preclude 
air  infiltration.  The  oxygen  components  in  this  set  of  analyses  vary 
less  than  1%,  which  is  as  it  should  be,  the  coal  used  being  similar  in 
kinds  in  all  the  tests.  The  comparatively  low  and  uniform  per- 
centage of  CO  is  remarkable  considering  the  extreme  variation  in  the 
rate  of  driving. 

28  The  lowest  percentage  of  CO  in  these  tests  occurs  with  an 
excess  of  6.92%  0  and  the  highest  0.3  %  CO  with  an  excess  of  6.74% 
O.  The  average  excess  of  O  in  the  upper  seven  analyses  is  7.5%  in 
the  lower  seven  analyses  it  is  6.1%,  a  difference  of  1.4%,  yet  the 
average  percentage  of  CO  is  almostly  the  same,  viz.,  0.17%.  The 
respective  average  percentages  of  CO2  are  11.33  and  12.91,  a  difference 
of  1.58%.  This  corroborates  the  statement  previously  made  that 
within  moderate  limits  the  percentage  of  CO  does  not  vary  either 
with  the  percentage  of  0  or  with  the  percentage  of  CO2  contained 
in  the  flue  gas.  So  far  as  these  analyses  indicate,  it  is  also  independ- 
ent of  the  rate  of  driving. 

29  Tables  5  and  6  are  peculiar  in  that  they  contain  no  analysis 
in  which  the  sum  of  the  oxygen  component  is  less  than  19%.  This 
set  of  analyses  is  remarkable  because  CO  was  found  in  only  ten  of 
the  167  six-hour  samples  represented,  and  only  two  of  these  con- 
tained as  high  as  0.4%  of  this  constituent,  accompanied  respectively 
by  9.9%  of  CO2  and  8.9%o  of  O,  and  12%o  of  CO2  and  6.6%o  of  6. 
It  is  not  until  the  CO2  exceeds  10%,  and  the  0  falls  below  6%  that  CO 
appears  with  some  frequency.  Taking  the  last  seven  analyses  of 
Table  6  we  find  an  average  of  13.4%  CO2  and  0.1%  CO. 
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30  We   have   shown   in   Par.    19  that   when   burning    coal    in 

TJ 

which  — ^  =  0.06  with  50%  excess  of  air  the  flue  gas  should  contain 

12.25%  CO2  and  7%  0.     It  would,  therefore,  seem  reasonable  to 

conclude  that  when  burning  coal  in  which  the  ratio  — -  does  not  exceed 

C 

0.05,  if  the  CO  exceeds  0.2%  or  at  most  0.3%  [in  flue  gas  containing 

12%  to  14%  of  CO2  and  7%  to  5%  of  0  there  is  something  wrong 

with  the  method  of  firing,  the  furnace,  the  construction,  the  setting 

or  all  of  them. 

31  In  Pars.  17  to  20  an  attempt  is  made  to  show  why  the 
sum  of  the  oxygen  components  contained  in  flue  gas  does  vary  and 
to  what  extent  it  may  vary  legitimately.  It  was  shown  that  a  con- 
siderable variation  may  be  due  to  a  variation  in  the  temperature  at 
which  the  gas  is  analyzed,  that  the  presence  of  CO  augments  the  sum 
of  the  oxygen  components  by  0.4  of  its  value,  and  that  the  presence 
of  H2  in  the  fuel  reduces  this  sum  very  materially.  It  follows,  then, 
that  for  similar  fuel  the  higher  percentage  of  CO  should  coincide 
with  the  higher  sum  of  the  oxygen  components. 

32  In  the  tables  the  analyses  in  which  the  sum  of  the  oxygen  com- 
ponents is  less  than  19%  are  marked  with  a  star,  and  all  those  in 
which  the  CO  exceeds  0.3%  are  marked  with  a  cross.  Examining 
Table  1,  we  find  that  69  out  of  the  609  analyses  show  CO  above 
0.3%,  and  in  only  five  of  these  is  the  sum  of  the  oxygen  components 
less  than  19%.  In  Table  9  we  find  that  in  a  total  of  126  samples,  36 
contain  over  0.3%  of  CO,  every  one  of  which  occurs  with  oxygen  com- 
ponents summing  up  to  less  than  19%.  Table  7  shows  the  same  dis- 
crepancy. Out  of  the  224  analyses  there  tabulated,  67  show  CO 
above  0.4%,  for  all  of  which  the  oxygen  components  are  below  the 
average.  So  far  as  we  know,  the  coal  burned  did  not  vary  greatly, 
certainly  not  nearly  so  much  as  in  the  Government  tests.  We  feel 
justified,  therefore,  in  doubting  the  correctness  of  the  analyses  given 
in  Tables  7  and  8  and  no  weight  should  be  attached  to  them  in  draw- 
ing conclusions.  We  think  it  none  the  less  proper  to  include  them  in 
this  paper  with  our  reason  for  doubting  their  correctness. 


DIAGRAMATIC   REPRESENTATION   OF  ANALYSES 

33     The  averages  varying  by  0.1%  of  Tables  1,  2,  3  and  4  are 
plotted  in  Fig.  1,  those  of  Tables  5    and  6  in  Fig.  2,  and  those  of 
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Tables  7  and  8  ,and  9  and  10  respectively  in  Figs.  3  and  4.  The 
straight  lines  represent  the  theoretical  amounts  of  CO2  and  0  which 
the  combustion  products  would  contain  if  pure  carbon  were  burned 
with  pure  air.  The  analyses  were  plotted  with  regard  to  the  per- 
centage of  CO2  and  0  respectively.  The  CO2  was  placed  in  its  proper 
position  on  the  theoretical  CO2  line  for  the  percentages  of  CO2  and 
then  the  accompanying  percentages  of  0  and  CO  were  plotted  on 
the  same  ordinate  in  the  position  called  for  by  their  value.  In  the 
same  manner  the  O  was  placed  on  the  theoretical  oxygen  line  and  the 
CO2  and  CO  were  plotted  according  to  their  values  on  the  same  ordin- 
ate. To  show  the  values  of  CO  more  clearly,  they  are  multiplied 
by  five. 

34  Fig.  1  shows  that  the  percentage  of  O  diminishes  as  the  CO2 
increases,  and  vice  versa,  the  percentage  of  CO2  increases  as  the 
O  becomes  less.  It  will  be  noted  that  both  the  O  and  CO2  lines 
converge  toward  the  theoretical  line  as  the  CO2  diminishes,  which  is 
as  it  should  be  if  the  analyses  are  correct,  because  when  the  CO2  is 
zero,  the  percent  of  0  must  be  that  of  the  air,  viz.,  21%.  The  amount 
of  divergence  from  the  theoretical  line  towards  zero   0   depends 

TJ 

on  the  value  of  --  in  the  fuel. 
C 

35  Considering  the  great  variety  of  fuels  represented  by  the  Gov- 
ernment analyses  it  is  remarkable  with  what  uniformity  the  CO2  and 
O  vary  in  accordance  with  what  should  be  expected  from  theoretical 
considerations.  This  becomes  even  more  remarkable  when  we 
observe  how  harmoniously  the  analyses  of  Tables  3  and  4  (repre- 
sented by  the  somewhat  heavier  lines)  fit  in  with  those  of  Tables  1 
and  2,  especially  when  we  consider  that  the  latter  were  derived  from 
entirely  different  test  conditions.  From  this  we  may  be  justified 
in  concluding  that  the  relation  of  CO2  to  O  shown  in  Fig.  1  holds  true 
for  all  ordinary  conditions  of  simple  combustion.  It  therefore  follows 
that  if  we  know  the  percentage  of  CO2  contained  in  the  products  of 
combustion  we  may  infer  from  it  with  a  practical  degree  of  approxi- 
mation the  accompanying  percentage  of  O,  and  vice  versa. 

36  That  no  such  reliable  relation  exists  between  the  CO  and 
either  of  the  former  has  already  been  stated.  That  this  should  be 
so  becomes  quite  evident  when  we  consider  that  the  relation  between 
CO2  and  0  depends  on  a  natural  law,  whereas  the  percentage  of  CO 
in  a  large  degree  depends  on  caprice.  In  Table  2  we  find  0.5%  CO 
with  13.6%  of  O  and  in  Table  6  we  find  analyses  which  show  com- 
plete combustion  with  less  than  6%  of  O.     It  is  evident,  therefore. 
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that  6%  of  O  is  sufficient  when  the  conditions  are  right  and  that  a 
large  percentage  of  O  will  not  insure  complete  combustion  when  the 
conditions  are  bad. 

37  The  CO  line  in  Fig.  1  illustrates  the  irregularity  of  this  com- 
ponent. It  was  stated  at  the  outset  that  the  tendency  toward  a 
higher  percentage  of  CO  in  flue  gas  becomes  increasingly  greater  as 
the  percentage  of  CO2  goes  up;  but  the  diagram  shows  a  maximum  of 
over  0.4%  of  CO  with  CO2  between  10%  and  11%,  whereas  with  CO2 
between  11%  and  14%  the  CO  does  not  average  above  0.2%.  This 
apparent  anomaly  is  explained  by  the  fact  that  Government  analyses 
include  from  20  to  30%  of  infiltrated  air  and  that  the  real  combustion 
products  contained  about  25%  more  CO2  and  25%  less  0  than  the 
analyses  show.  In  reality,  therefore,  the  high  CO  readings  occurred 
with  CO2  from  12.5  to  13.75%.  This  would  place  the  high  CO  in 
its  proper  relation  to  CO2,  but  the  contrast  as  compared  with  the 
CO  found  in  the  flue  gas  of  the  locomotive  test  still  remains  and  is 
evidence  of  uneconomical  firing. 

38  Passing  to  Fig.  2  we  notice  the  same  characteristics  as  in  Fig. 
1,  viz.,  the  0  line  follows  a  trend  which  should  meet  the  theoretical 
0  line  at  21%  when  CO2  reaches  zero,  and  the  CO2  follows  a  trend 
which  would  meet  the  zero  point  of  the  theoretical  CO2  line  when  O 
reaches  21%.  The  CO  is  irregular  and  has  a  moderate  tendency 
towards  higher  values  as  the  CO2  reaches  the  higher  values.  With 
the  exception  of  the  few  analyses  previously  discussed,  this  diagram 
shows  very  good  combustion. 

39  Fig.  3  corroborates  what  has  already  been  said  about  the 
analyses  from  which  it  was  plotted.  The  CO  line  is  irregular  and 
high,  and  only  slightly  higher  with  CO2  above  11%  than  below. 
Both  the  CO2  and  the  O  line  show  that  the  analyses  are  deficient  in 
the  0  components,  nor  does  the  trend  of  the  O  line  converge  toward 
the  theoretical  line  as  it  should.  The  correctness  of  the  analyses 
in  Tables  7  and  8  must,  therefore,  stand  questioned,  and  other  than 
showing  this  fact,  little  value  can  be  attached  to  the  diagrams  in 
Fig.  3. 

40  The  suspicion  as  to  the  correctness  of  the  analyses  in  Tables 
9  and  10  is  strengthened  to  an  even  greater  extent  by  study  of  Fig. 
4.  The  analyses  appear  to  be  particularly  faulty  with  the  higher 
CO2  and  the  correspondingly  lower  O  content.  The  high  and  erratic 
CO  line  shows  that  the  firing  must  have  been  irregular  and  bad.  But 
reliable  conclusions  cannot  be  drawn  from  this  diagram  except  that 
at  least  a  large  number  of  the  analyses  cannot  be  considered  reliable. 
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CALCULATION  OF  HEAT  CARRIED  OFF  BY  THE  FLUE  GAS 

41  In  Appendix  No.  2  an  attempt  has  been  made  to  formulate 
simple  equations  by  which  the  heat  and  heat  energy  carried  off  by  the 
flue  gas  can  readily  be  calculated  for  all  kinds  of  fuel,  provided  we 
have  a  correct  analysis  of  the  fuel  burned  and  the  flue  gas  produced. 

CONCLUSIONS 

42  We  must  conclude  from  these  calculations  that  the  percentage 
of  CO2  and  the  stack  temperature  are  the  two  controlling  factors  in 
the  production  of  furnace  and  boiler  eflaciency.  In  view  of  the  fact 
that  both  of  these  components  are  so  easily  determined  and  that 
apparatus  is  in  existence  which  will  continuously  indicate  and  record 
them,  it  is  lamentable  that  more  general  use  is  not  made  of  these 
indexes. 

43  There  is  today  no  valid  reason  why  scientific  methods  should 
not  prevail  in  securing  fuel,  as  well  as  in  consuming  it,  especially 
for  power  purposes,  nor  is  there  any  reason  why  consumers  of  large 
quantities  of  coal  should  be  ignorant  of  its  ultimate,  as  well  as  its 
proximate  composition. 

44  It  is  not  generally  feasible,  nor  is  it  at  all  necessary,  in  order  to 
obtain  the  most  economical  results,  that  calculations  be  based  on  the 
ultimate  analysis  of  the  coal,  but  a  full  analysis  of  the  flue  gas  should 
form  part  of  the  daily  routine.  Inasmuch,  however,  as  the  most 
economical  percentage  of  CO2  varies  considerably  with  the  kind  of 
fuel  used,  and  also  to  some  extent  on  the  method  of  firing,  hand  or 
mechanical,  the  kind  of  stoker  and  rate  of  driving,  it  becomes  very 
desirable,  if  not  absolutely  necessary,  to  make  a  series  of  tests  in 
which  all  the  essential  elements  are  determined. 

45  Having  established  the  most  economical  value  of  CO2,  this 
component  of  the  flue  gas  will  serve  as  a  correct  guide  to  the  fireman. 
An  automatic  record,  preferably  a  continuous  one,  for  the  engineer  is 
of  the  greatest  value.  If,  in  addition,  the  stack  temperature  is 
indicated  for  the  fireman  and  recorded  for  the  engineer  in  charge 
there  should  be  little  difficulty  in  getting  maximum  efficiency. 


APPENDIX  NO.  1 

GAS  ANALYSES  FROM  VARIOUS  SOURCES 
U.  S.  Government  Tests' 

TABLE  1  TABLE  2 

Arranged  Accordino,  to  CO2  Arranged  According  to  O 

CO2            O           CO        Total                                       O  CO2  CO        Total 

2  0            18  4              0            20.4                                        18.4  2.0  0            20.4 

3.0            17.7             0            20.7                                        17.7  3.0  0            20  7 

3.4           17.5             0           20.9                                      17.6  3.4  0           21.0 

3.4  17.6  0  210 

4.ver 3.4           17.5             0                                                       17.5  3.4  0           20.9 

3.5  17  1             0           20  6                                      17.3  3.7  0           21.0 

3.7            17.3              0            21.0                                        17.2  3  8  0            21.0 

3.7  17.1  0  20.8 

Aver 3.7           17.2             0                                                       17.1  3.5  0           20.6 

17.1  3.7  0           20.8 

3.8  16.7             0           20.5             Aver 17.1  3.6  0 

3.8  17  2  0  21.0 

Aver '....3.8           17.0            0                                                       16.7  4.2  0           20  9 

16.7  3.8  0  20.5 
10           16.1             0           20.1             Aver 16.7  4.0  0 

4.2  16.7             0           20.9                                     16.4  4.4  0           20  8 

4.3  16.1              0           20.4                                        16.2  4.6  0            20.8 

4.4  16.1             0           20.5                                      16.1  4.0  0           20.1 
4.4           16.4             0           20  8                                      16  1  4.3  0           20.4 

Aver 4.4           16.3             0                                                      16.1  4.4  0           20.5 

Aver 16.1  4.2  0 

4.6  16.2  0  20.8 

4.6           15  7             0           20.3                                      15.9  5.0  0           20.9 

Aver 4.6  16.0  0 

15.8  4.8  0  20.6 
4.8  16.2  0  21.0  15.8  5.2  0  21.0 
4.8           15.8             0           20.6             Aver 15.8  50  0 

4.8  15.6  0  20.4 

Aver 4.8  15  9  0 

K"oal    Testini;    Station,     Louisiana    Purchase  Exposition,   U.    S.    Geologioal     Survey    Report, 
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U.  S.  Government  Tests 


TABLE  1— Continued 
Arranged   According   to   CO2 

CQj  O  CO       Total 

4.9  15.2  0  20.1 


5.0 
5.0 
5  0 
5.0 
.5.0 


14.7 
15.9 
15.0 
14.4 
15.0 


19.8 
20.9 
20.0 
19.4 


TABLE  2— Continued 
Arranged  AccoRDiNo  to  O 

O  CO2  CO        Total 


15.7         5.1 

15.7         4.6 

Aver 15.7         4.9 


0  20.8 
0  20.3 
0 


5.1 
5.1 
.5.1 

5.2 
5.2 
5.2 
.5.2 


5.3 
5.3 
5.3 
.5.3 


15.7 
14.9 
15  3 

15.8 
14.7 
14.8 
15,1 

15.1 
14.8 
14.9 
13.9 
14.7 
14.7 


0 
0 
0 

0 
0.2 

0 
0.1 


0.1 
0 
0 


20.8 
20.0 


21.0 
20.1 
20.0 


20.7 
20.2 
20.2 
19.2 
20.0 


5.6 

14.8 

0 

20.4 

5.6 

15.0 

0 

20.6 

5.6 

14.5 

0 

20.1 

5.6 

14.8 

0 

5.7 

14.4 

0 

20.1 

5.7 

14.5 

0 

20.2 

.5.7 

14.5 

0 

5.8 

13.4 

0.3 

19.5 

5.8 

12.7 

0 

18.5 

5.8 

14.7 

0 

20.5 

5.8 

14.8 

0 

20.6 

58 

14.3 

0 

20.1 

.5.8 

14.0 
14.5 

0 
0 

5.9 

20.4 

5.9 

14.1 

0 

20.0 

5.9 

14.7 

0 

20.6 

5.9 

14.0 

0 

19.9 

5.9 

14.5 

0.2 

20.6 

.5.9 

14.4 

0 

20.3 

15.0 

6.0 

0 

20.0 

15.0 

5.6 

0 

20.6 

15.0 

5.3 

0 

14.9 

5.3 

0 

20  2 

14.9 

5.1 

0 

20.0 

14.9 

5.2 

0 

14.8 

5.2 

0 

20.0 

14.8 

5.3 

0.1 

20.2 

14.8 

5.8 

0 

20.6 

14.8 

5.6 

0 

20.4 

14.8 

5.5 

0 

14.7 

5.9 

0 

20.6 

14.7 

5.8 

0 

20.5 

14.7 

5.3 

0 

20.0 

14.7 

5.2 

0.2 

20.1 

14.7 

5.0 

0.1 

19.8 

14.7 

5.4 

0.1 

14.5 

6.2 

0.2 

20.9 

14.5 

6.2 

0 

20.7 

14.5 

6.0 

0 

20.5 

14.5 

5.9 

0.2 

20.6 

14.5 

5  9 

0 

20.4 

14.5 

6.7 

0 

20.2 

14.5 

5.6 

0 

20.1 

14.5 

5.9 

0.1 

14.4 

5.0 

0 

19.4 

14.4 

6.2 

0 

20.6 

14  4 

6.0 

0 

20.4 

14.4 

6.0 

0 

20.4 

14.4 

6.0 

0 

20.4 

14.4 

6.0 

0 

20.4 

14.4 

5.7 

0 

20.1 

14.4 

5.5 

0.2 

20.1 

.14.4 

5.8 

0 
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U.  S.  Government  Tests 


TABLE  1— Continued 
Abeanged  According  to  COj 

COi  O  CO       Total 


TABLE  2— Continued 
Arranged  According  to  O 


60 

14.4 

0 

20.4 

6.0 

14.4 

0 

20.4 

6.0 

14.5 

0 

20.6 

6.0 

13.6 

0 

19.6 

6.0 

14.0 

0 

20.0 

6.0 

14.4 

0 

20.4 

6.0 

14.4 

0 

20  4 

: 6.0 

14.2 

0 

6.1 

13.7 

0 

19.8 

6.1 

13.6 

0 

197 

6.1 

13.7 

0 

19.8 

• 6.1 

13.7 

0 

6.2 

14.4 

0 

20.6 

6.2 

14  5 

0 

20.7 

6.2 

14.1 

0 

20.3 

6.2 

14.5 

0.2 

20.9 

6.2 

13.7 

0 

19.9 

6.2 

13.2 

0 

19.4 

• 6.2 

14.1 

0 

6.3 

13.1 

0 

19.4 

t6.3 

12.7 

0.4 

19.4 

6.3 

14.3 

0 

20.6 

6.3 

14.3 

0 

20.6 

6.3 

13.7 

0 

20.0 

: 6.3 

13.6 

0.1 

6.4 

13.4 

0 

19.8 

6.4 

13.8 

0 

20.2 

t6.4 

13.6 

0.5 

20.5 

6.4 

13.7 

0 

20.1 

6.4 

14.0 

0 

20.4 

6.4 

13.4 

0 

19.8 

6.4 

13.6 

0 

20.0 

6.4 

13.6 

0 

20.0 

6.4 

14.0 

0 

20.4 

• 6.4 

13.7 
14.2 

0 
0 

6.5 

20.7 

6.5 

12.9 

0.3 

19.7 

6.5 

13.0 

0 

19.5 

6.5 

13.1 

0.1 

19  7 

6  5 

13.5 

0 

20.0 

6.5 

13.8 

0 

20.3 

- 6  5 

13.4 
13.3 

0 
0.3 

6.6 

20.2 

6.6 

13  5 

0 

20.1 

6  6 

13  6 

0 

•20.2 

0 

CO 

CO 

Total 

14.3 

5.8 

0 

20.1 

14.3 

6.3 

0 

20.6 

14.3 

6.3 

0 

20.6 

.14.3 

6.1 

0 

Continued  on  next  page 


14.1 

5.9 

0 

20.0 

14.1 

6.2 

0 

20  3 

14.1 

6.7 

0 

20.8 

• 14.1 

6.3 

0 

14  0 

6.4 

0 

20.4 

14.0 

6.4 

0 

20.4 

14.0 

6.0 

0 

20.0 

14.0 

5.9 

0 

19.9 

• 14.0 

6.2 

0 

13  9 

6.7 

0 

20.6 

13.9 

6  9 

0.1 

20.9 

13.9 

5.3 

0 

19.2 

• 13  9 

6.3 

0 

13.8 

7.2 

0 

21.0 

13.8 

6.8 

0 

20.8 

13.8 

6.5 

0 

20.3 

13.8 

6.4 

0 

20.2 

• 13.8 

6.7 

0 

13.7 

6.1 

0 

19.8 

13.7 

6.1 

0 

19.8 

13.7 

6.2 

0 

19.9 

13.7 

6.3 

0 

20.0 

13.7 

6.7 

0 

20.4 

13.7 

6  4 

0 

20.1 

• 13.7 

6  3 

0 

13.6 

7.4 

0 

21.0 

13.6 

6.8 

0 

20.4 

13.6 

6.8 

0 

20.4 

13.6 

6.7 

0 

20.3 

13.6 

6.6 

0.5 

20.5 

13.6 

6.6 

0 

20.2 

13.6 

6.4 

0 

20.0 

13.6 

6.4 

0 

20.0 

13.6 

7.1 

0 

20.7 

13.6 

6.1 

0 

19.7 

13.6 

6.0 

0 

19.6 

• 13.6 

6.6 

0 

13.5 

6.6 

0 

20.1 

13.5 

6.5 

0 

20.0 

■ 13.5 

6.6 

0 
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COMBUSTION   AND    BOILER    EFFICIENCY 


U.  S.  Government  Tests 


TABLE  1— Continued 

TABLE  2— Continued 

Arranged  According  to  CO2 

Arranged  According  to  0 

CO2 

0 

CO 

Total 

0 

CO2 

CO 

Total 

Continued 

13.4 

6.4 

0 

19.8 

13.4 

6.4 

0 

19.8 

6.6 

12.6 

0 

19.2 

13.4 

6.7 

0 

20.1 

6.6 

13  3 

0 

19.9 

13  4 

6.7 

0 

20.1 

6.6 

13.0 

0.1 

19.7 

13.4 

7.0 

0.4 

20.8 

6.6 

12.5 

0 

19  1 

13.4 

7.2 

0.3 

20.9 

*6.6 

12  2 

0 

18.8 

13.4 

6.6 

0.2 

20  2 

t6.6 

12.7 

0.5 

19  8             Aver 13.4 

6.7 

0.1 

6  6 

13  4 

0.2 

20  2 

6.6 

13.6 

0.3 

20  5 

13.3 

7.1 

0 

20.4 

6.6 

12  8 

0 

19.4 

13.3 

7  0 

0 

20.3 

•6.6 

11.2 

0 

17  8 

13.3 

6.9 

0 

20.2 

6.6 

13.0 

0 

19.6 

13  3 

6.9 

0 

20.2 

6.6 

12.8 

0 

19.4 

13.3 

6.9 

0 

20.2 

6.6 

13.9 

0 

20  5 

13.3 

6.9 

0 

20.2 

6 

6 

13  0 

0.1 

13  3 

6.9 

0 

20.2 

13.3 

6.6 

0 

19.9 

6.7 

12.9 

0 

19.6 

13.3 

6.6 

0  3 

20,2 

6.7 

13.9 

0 

20.6             Aver    13.3 

6.9 

0 

6.7 

12.8 

0 

19.5 

6.7 

12.8 

0 

19.5 

13  2 

7.4 

0 

20.6 

6.7 

12.9 

0 

19.6 

13.2 

6.8 

0 

20.0 

♦6.7 

11.5 

0 

18.2 

13.2 

6.8 

0 

20.0 

6.7 

13.4 

0 

20.1 

13.2 

7.2 

0 

20.4 

6.7 

13.4 

0 

20.1 

13.2 

7.2 

0 

20.4 

6.7 

13.7 

0 

20.4 

13.2 

6.2 

0 

19.4 

6.7 

13.6 

0 

20.3             A 

ver 13.2 

6.9 

0 

6.7 

14.1 

0 

20.8 

r 6.7 

13.2 

0 

13.1 

6.3 

0 

19.4 

13.1 

7.1 

0 

20.2 

6.8 

13.2 

20.0 

13.1 

7.0 

0 

20.1 

6 

8 

13.7 

20.4 

13.1 

7.0 

0 

20.1 

*6 

8 

11.2 

18.0 

13.1 

6.9 

0 

20.0 

*6 

8 

10.6 

17.4 

13.1 

6.5 

0.1 

19.7 

6 

8 

13.2 

20.0 

13.1 

7.2 

0 

20.3 

*6 

8 

11.1 

0.1 

18.0             Aver 13.1 

6.9 

0 

6 

8 

13.0 

19.8 

6 

8 

13.8 

20.6 

13.0 

7.2 

0 

20.2 

6 

8 

13.6 

20.4 

13.0 

7.2 

0 

20.2 

r 6.S 

12.6 

0 

13.0 

7.8 

0 

20.8 

13.0 

7.8 

0 

20.8 

6.9 

13.3 

0 

20.2 

13.0 

6.8 

0 

19.8 

6 

12.2 

0 

19.1 

13.0 

6.6 

0 

19.6 

6 

13.9 

0.1 

20.9 

13.0 

6.5 

0 

19.5 

6 

13.3 

0 

20.2 

13.0 

7.0 

0 

20.0 

6 

13.1 

0 

20.0 

13.0 

7.0 

0 

20.0 

6 

13.3 

0 

20.2 

13.0 

7.0 

0 

20.0 

6 

13.3 

0 

20.2 

13.0 

7.0 

0.1 

20.1 

6 

13.3 

0 

20.2 

13.0 

6.6 

0  1 

19.7 

0 

9 

12.7 

0 

19. G 

13. U 

7.3 

0 

20.3 

r 6 

9 

13.2 

0 

Aver 13.0 

7.1 

0 
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U.  S.  Government  Tests 


TABLE  1— Continued 


TABLE  2— Continued 


Arranged  According  to  CO2 


Arranged  According  to  O 


COi 

0 

CO 

Total 

7.0 

12.6 

0.1 

19.7 

7.0 

13.0 

0 

20.0 

7.0 

12.4 

0 

19.4 

7.0 

12.8 

0 

19.8 

7.0 

13.1 

0 

20.1 

7.0 

13.3 

0 

20.3 

7.0 

12.2 

0 

19.2 

t7.0 

13.4 

0.4 

20.8 

7.0 

13.0 

0 

20.0 

7.0 

13.0 

0 

20.0 

7.0 

12.9 

0.2 

20.1 

7.0 

11.9 

0.1 

19.0 

7.0 

13.0 

0.1 

20.1 

7.0 

13.1 

0 

20.1 

• 7.0 

12.8 

0.1 

7.1 

12.2 

0 

19.3 

7.1 

12.9 

0 

20.0 

7  1 

12.7 

0 

19.8 

*7.1 

9.2 

0  3 

16.6 

7.1 

12.8 

0.1 

20.0 

7.1 

12.4 

0 

19.5 

7.1 

13.1 

0 

20.2 

7.1 

13.3 

0 

20.4 

7.1 

13.6 

0 

20,7 

7.1 

12.7 

0 

19.8 

7.1 

12.5 

0 

7.2 

12.2 

0 

19.4 

7.2 

13.4 

0.3 

20.9 

*7.2 

10.6 

0 

17.8 

7.2 

13.2 

0 

20.4 

7.2 

13.2 

0 

20.4 

7.2 

11.9 

0 

19.1 

7.2 

13.8 

0 

21.0 

7.2 

12.7 

0 

19.9 

7  2 

12.5 

0 

19.7 

7.2 

12  1 

0 

19.3 

7.2 

12.8 

0 

20.0 

7.2 

12.8 

0.6 

20.6 

7.2 

12  5 

0.6 

20.3 

7.2 

12.0 

0 

19.2 

7.2 

12.8 

0 

20.0 

7.2 

13.0 

0 

20.2 

7.2 

13.1 

0 

20.3 

7.2 

12.6 

0 

19.8 

7.2 

13.0 

0 

20.2 

7.2 

12.5 

0 

19.7 

• 7.2 

12.6 

0.1 

12.9 

7.0 

0.2 

20.1 

12.9 

6.7 

0 

19.6 

12.9 

6.7 

0 

19.6 

12.9 

6.5 

0.3 

19.7 

12.9 

7.6 

0 

20.5 

12.9 

7.6 

0 

20.5 

12.9 

7.3 

0.2 

20.4 

• 12.9 

7.1 

0.1 

12.8 

7.2 

0 

20.0 

12.8 

7.3 

0 

20  1 

12.8 

7.4 

0 

20  2 

12.8 

7.6 

0 

20.4 

12.8 

7.6 

0 

20.4 

12.8 

6.7 

0 

19  5 

12.8 

6.7 

0 

19.5 

12.8 

6.6 

0 

19.4 

12.8 

7.2 

0 

20.0 

■12.8 

7.2 

0.6 

20.6 

12.8 

7.1 

0.1 

20.0 

12.8 

7.0 

0 

19.8 

12.8 

6.6 

0 

19.4 

• 12.8 

7.1 

0.1 

12.7 

6.9 

0 

19.6 

12.7 

7.1 

0 

19.8 

12.7 

7.1 

0 

19.8 

12.7 

7.2 

0 

19.9 

12.7 

6.3 

0.4 

19.4 

12.7 

5.8 

0 

18.5 

12.7 

6.6 

0.5 

19  8 

12.7 

7.6 

0.3 

20.6 

12.7 

7.6 

0 

20.3 

12.7 

7.4 

0.1 

20.2 

12.7 

7.4 

0 

20  1 

12.7 

7.3 

0 

20.0 

12.7 

7.3 

0 

20.0 

12.7 

7.3 

0 

20.0 

•  12.7 

7.1 

0.1 

12.6 

7.2 

0 

19.8 

12.6 

7.4 

0 

20.0 

12.6 

7.4 

0 

20  0 

12.6 

7.4 

0 

20.0 

12.6 

7.5 

0 

20.1 

12.6 

7.5 

0 

20.1 

12.6 

7.8 

0 

20  4 

12.6 

7.8 

0 

20.4 

Continued  on  nejrt  page 
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TABLE  1— Continued 
Arranged  According  to  CO2 

CO2  O  CO       Total 


TABLE  2— Continued 


Arranged  According  to  O 


7.3 

13.0 

0 

20.3 

7.3 

12.7 

0 

iO.O 

7.3 

12.2 

0 

19.5 

7.3 

12.9 

0  2 

20.4 

7.3 

11.9 

0 

19.2 

t7.3 

12  3 

0.5 

20  1 

t7.3 

12.5 

0.5 

20.3 

7.3 

11  9 

0 

19.2 

7.3 

12.2 

0 

19.5 

7.3 

12.2 

0 

19.5 

7  3 

12.1 

0 

19.4 

7.3 

12.7 

0 

20.0 

7.3 

12.7 

0 

20.0 

7.3 

12  8 

0 

20.1 

,  7  3 

12  4 

0.1 

7.4 

12.4 

0 

19.8 

7.4 

12.4 

0 

19  8 

7.4 

13.2 

0 

20.6 

7.4 

12.1 

0 

19.5 

7.4 

12.6 

0 

20.0 

7.4 

13.6 

0 

21.0 

7.4 

12.8 

0 

20  2 

*7.4 

10.6 

0 

18.0 

7.4 

12.3 

0 

19  7 

7.4 

12.7 

0 

20.1 

7.4 

12  0 

0 

19.4 

7.4 

12.5 

0 

19  9 

7.4 

12,6 

0 

20.0 

7.4 

11.9 

0 

19.3 

7.4 

12.6 

0 

20.0 

7.4 

12.7 

0.1 

20.2 

7.4 

12  0 

0 

19  4 

7.4 

12  8 

0 

20  2 

.  7.4 

12.4 

0 

7.5 

12.5 

0 

20.0 

7.5 

12.6 

0 

20.1 

7.5 

12.6 

0 

20.1 

7.5 

12.5 

0 

20.0 

7.5 

12.3 

0 

19.8 

7.5 

11.5 

0 

19.0 

7.5 

12.1 

0 

19.6 

7.5 

11.7 

0 

19.2 

7.5 

12.6 

0.1 

20.2 

7  5 

12  2 

0 

19.7 

.  7.5 

12.3 

0 

7.6 

12.4 

0 

20.0 

7.6 

12.2 

0 

19.8 

•7.6 

10.5 

0 

18.1 

Continued  on  next  page 

0 

CO2 

CO 

Total 

Contined 

12.6 

7.8 

0 

20.4 

12  6 

7.6 

0 

20.2 

12.6 

7.6 

0 

20.2 

12.6 

7.6 

0 

20.2 

12.6 

7.5 

0.1 

20.2 

12.6 

8.0 

0 

20.6 

12.6 

7.9 

0 

20.5 

12.6 

7.9 

0 

20.5 

12.6 

6.6 

0 

19.2 

12.6 

7.0 

0.1 

19.7 

.12.6 

7.5 

0 

12.5 

7.2 

0.6 

20.3 

12.5 

7.2 

0 

19  7 

12  5 

6.6 

0 

19.1 

12.5 

8.5 

0 

21.0 

12  5 

7.6 

0.1 

20.2 

12.5 

7.6 

0 

20.1 

12.5 

7.5 

0 

20.0 

12.5 

7.4 

0 

19.9 

12.5 

7.3 

0.5 

20.3 

12.5 

7.2 

0 

19.7 

.12.5 

7.4 

0.1 

12.4 

7.1 

0 

19.5 

12.4 

7.0 

0 

19.4 

12  4 

7.4 

0 

19.8 

12.4 

7.4 

0 

19.8 

12.4 

7.8 

0 

20.2 

12.4 

7.7 

0 

20.1 

12.4 

7.6 

0 

20.0 

12.4 

7.6 

0 

20.0 

12.4 

7.6 

0.2 

20.2 

12.4 

7.6 

0 

20.0 

12.4 

7.6 

0 

20.0 

12.4 

8.0 

0 

20.4 

12  4 

8.0 

0 

20.4 

12.4 

8.0 

0 

20.4 

12.4 

7.9 

0 

20.3 

12.4 

8.2 

0 

20.6 

12.4 

8.2 

0 

20.6 

12.4 

8.2 

0.3 

20.9 

12.4 

8.6 

0 

21.1 

12.4 

7.6 

0 

20.0 

.12.4 

7.8 

0 

12.3 

8.2 

0 

20.5 

12.3 

8.0 

0.3 

20.6 

12.3 

7.8 

0 

20.1 

Continued  on  next  page 
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TABLE  1— Continued 


Arranged  According  to  CO2 


CO, 

0 

CO 

Total 

Continued 

7.6 

12.6 

0 

20.2 

7,6 

12.7 

0 

20.3 

7.6 

12  4 

0 

20.0 

7.6 

12.7 

0 

20.3 

7.6 

11.5 

0 

19.1 

7.6 

12.4 

0 

20.0 

7.6 

12.5 

0.1 

20.2 

7.6 

12.5 

0 

20.1 

7.6 

12.4 

0  2 

20.2 

7.6 

11  5 

0.3 

19.4 

7.6 

12.6 

0 

20.2 

7.6 

12.3 

0 

19.9 

7.6 

12.6 

0 

20  2 

7.6 

12.2 

0 

19.8 

•7.6 

10  5 

0 

18.1 

t7.6 

11.0 

0.4 

19.0 

7  6 

12  9 

0 

20  5 

7.6 

12.4 

0 

20.0 

7.6 

11.8 

0 

19.4 

7.6 

12.1 

0 

19.7 

7.6 

12.0 

0 

19.6 

7.6 

12.8 

0 

20.4 

7.6 

11.7 

0 

19.3 

7.6 

12.8 

0 

20.4 

7.6 

12.7 

0.3 

20.6 

7.6 

12.4 

0 

20.0 

7.6 

12.9 

0 

20.5 

7.6 

12.6 

0 

20.2 

7.6 

12.2 

0 

7.7 

12.4 

0 

20.1 

7.7 

11.9 

0 

19.6 

t7.7 

12.0 

0.5 

20.2 

.   7.7 

12.1 

0.2 

7.8 

11.8 

0 

19.6 

7.8 

13.0 

0 

20.8 

7.8 

11.5 

0.2 

19.5 

7.8 

12.3 

0 

20.1 

7.8 

11.9 

0 

19.7 

7  8 

11  2 

0 

19.0 

7  ;! 

12  0 

0 

19.8 

7  S 

11.4 

0.2 

19.4 

7.8 

13.0 

0 

20  8 

7.8 

11.2 

0 

19  0 

'.■  S 

12.6 

0 

20.4 

7  8 

12.6 

0 

20.4 

7.8 

12.4 

0 

20.2 

7  8 

12.6 

0 

20.4 

7  ^ 

12.1 

0 

TABLE  2-Contlnued 

Arranged  According  to  0 

0 

CO2 
Continued 

CO 

Total 

12.3 

7.6 

0 

19.9 

12.3 

7.5 

0 

19.8 

12.3 

7.4 

0 

19.7 

12.3 

7.3 

0.5 

20.1 

r 12.3 

7.6 

0.1 

12.2 

6.6 

0 

18.8 

12.2 

7.1 

0 

19.3 

12.2 

7.0 

0 

19.2 

12.2 

6.9 

0 

19.1 

12.2 

7.3 

0 

19.5 

12  2 

7.3 

0 

19.5 

12.2 

7.3 

0 

19.5 

12.2 

7.6 

0 

19.8 

12.2 

7.6 

0 

19.8 

12.2 

7.5 

0 

19.7 

12.2 

8.1 

0 

20.3 

12.2 

8.2 

0.1 

20.5 

12.2 

7.2 

0 

19.4 

■ 12.2 

7.4 

0 

12.1 

8.2 

0 

20.3 

12.1 

8.0 

0 

20.1 

12.1 

8.0 

0.2 

20.3 

12.1 

7.6 

0 

19.7 

12.1 

7.5 

0 

19.6 

12.1 

7.4 

0 

19.5 

12.1 

7.3 

0 

19.4 

12.1 

7.2 

0 

19.3 

12.1 

7.7 

0 

12.0 

7  2 

0 

19.2 

12.0 

7.4 

0 

19.4 

12.0 

7.4 

0 

19.4 

12.0 

7.8 

0 

19.8 

12.0 

7.7 

0.5 

20.2 

12.0 

7.6 

0 

19.6 

12.0 

8.0 

0 

20.0 

12.0 

8  0 

0.1 

20.1 

12  0 

7.9 

0 

19.9 

12,0 

7,9 

0 

19,9 

12  0 

8  2 

0 

20.2 

12  0 

8.2 

0 

20.2 

12.0 

8.4 

0 

20.4 

12.0 

8.0 

0 

20.0 

12.0 

7.1 

0 

11.9 

8.4 

0 

20.3 

11.9 

8.5 

0 

20.4 

11.9 

8.2 

0 

20.1 

Continued  on  next  page 
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COMBUSTION   AND    BOILER   EFFICIENCY 


U.  S.  Government  Tests 


TABLE  1— Continued 

TABLE  2— Continued 

Arranged  According  to  CO2 

Arranged  According  to 

0 

COj 

0 

CO 

Total 

0 

CO2 

CO 

Total 

12.6 

0 

20.5 

Continued 

12.8 

0 

20.7 

12.6 

0 

20.5 

11.9 

8.2 

0 

20.1 

11.7 

0.3 

19.9 

11.9 

8.0 

0 

19.9 

11.9 

0.1 

19.9 

11.9 

8.0 

0.1 

20.0 

11.7 

0 

19.6 

11.9 

8.0 

0 

19.9 

12.0 

0 

19.9 

7.9 

0 

19.8 

11.6 

0.3 

19.8 

11.9 

7.9 

0.2 

20  0 

11.8 

0.2 

19.9 

11.9 

7.9 

0.1 

19.9 

7.9 

11.5 

0 

19.4 

11.9 

7.8 

0 

19.7 

7.9 

11.9 

0.2 

20.0 

11.9 

7.7 

0 

19.6 

7.9 

11.7 

0.1 

19.7 

11.9 

7.4 

0 

19.3 

7.9 

11.3 

0.1 

19.3 

11.9 

7.3 

0 

19.2 

7.9 

11.6 

0 

19.5 

11.9 

7.2 

0 

19.1 

7.9 

11.5 

0 

19.4 

7.0 

0.1 

19.0 

t*7.9 

10  4 

0.5 

18  8 

11.9 

8.9 

0 

20.8 

♦7.9 

10.6 
12.4 

0 
0 

18.5            A 
20.3 

ver 11.9 

7.9 

0 

7.9 

7.9 

11.9 

0 

19.8 

7.9 

12.0 

0 

19.9 

7.9 

11.8 

01 

11.8 

7.8 

0 

19.6 

11.8 

7.6 

0 

19.4 

8.0 

11.9 

0 

19.9 

11.8 

8.0 

0 

19.8 

8  0 

11.6 

0 

[19  3 

11.8 

8.0 

0 

19.8 

8.0 

11.8 

0.3 

20.1 

11.8 

8.0 

0.1 

19.9 

8.0 

11.9 

0.1 

20.0 

11.8 

8.0 

0 

19.8 

'8.0 

10.4 

0.1 

18.5 

11.8 

8.0 

0.3 

20.1 

8.0 

12.4 

0 

20.4 
20.6 

11.8 

7.9 

0.2 

19  9 

8.0 

12.6 

0 

11.8 

8.3 

0.3 

20.4 

8.0 

12.0 

0 

20.0 

11.8 

8.3 

0 

20.1 

8.0 

12.0 

0.1 

20.1 

11.8 

8.2 

0 

20.0 

8.0 

12.1 

0.2 

20  3 

11.8 

8.2 

0 

20  0 

8.0 

11.7 

0 

19.7 

11.8 

8.4 

0.3 

20.5 

8.0 

11.0 

0.1 

19.1 

11.8 

8.4 

0.2 

20.4 

8.0 

12.0 

0 

20.0 

11.8 

8.4 

0 

20.2 

8.0 

11.3 

0 

19.3 

11.8 

8.8 

0.3 

20.9 

8.0 

11.6 

0 

19.6             Aver 11.8 

8.1 

0.1 

8.0 

11.7 

0 

19  7 

8.0 

11.2 

0 

19.2 

8.0 

11.3 

0 

19.3 

8.0 

11.8 

0 

19.8 

8.7 

0.1 

20.5 

8.0 

12.3 

0.3 

20.6 

8.4 

0.2 

20.3 

*8.0 

10.0 

0 

18.0 

8.3 

0 

20.0 

8  0 

11.4 

0 

19.4 

8.3 

0 

20.0 

8.0 

11  8 

0 

19.8 

8.1 

0 

19.8 

8.0 

11.8 

0.1 

19.9 

8.0 

0 

19.7 

8.0 

12.4 

0 

20.4 

8.0 

0 

19.7 

8.0 

12  4 

0 

20.4 

7.9 

0.1 

19.7 

8.0 

11.9 

0 

19.9 

7.9 

0.3 

19.9 

8.0 

11.8 

0 

19.8 

7.9 

0 

19.6 

8.0 

12.1 

0 

20.1 

7.6 

0 

19.3 

SO 

11.4 

0 

19.4 

11.7 

7.5 

0 

19.2 

r 8.0 

11.7 

0 

A 

ver 11.7 

8.1 

0.1 
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U.  8.  Government  Tests 


TABLE  1— Continued 
Arranged  According  to  CO2 

CO  2  O  CO       Total 


TABLE  2— Continued 
Arranged  According  to  O 

O  CO2  CO      Total 


8.1 

11.7 

0 

19.8 

8.1 

11.2 

0.2 

19.5 

*8.1 

10.3 

0.2 

18.6 

S.l 

12.2 

0 

20.3 

8.1 

11.3 

0.3 

19.7 

ts.i 

10.8 

0.5 

19.4 

8.1 

11.5 

0.1 

19.7 

Q      1 

11.3 
12.4 

0.2 
0.3 

20.9 

8.2 

12.0 

0 

20.2 

8.2 

11.1 

0.1 

19.4 

*8.2 

10  2 

0.1 

18.5 

t8.2 

11.4 

0.4 

20.0 

t8.2 

11.0 

0.4 

19.6 

8.2 

11.2 

0  2 

19.6 

t8.2 

11.4 

0.5 

20  1 

t8.2 

11.1 

0.4 

19.7 

8.2 

11.9 

0 

20.1 

8.2 

11.8 

0 

20.0 

8.2 

11.0 

0 

19.2 

8.2 

12.4 

0 

20.6 

8.2 

11.3 

0 

19.5 

8,2 

12.1 

0 

20  3 

8.2 

12.0 

0 

20.2 

8.2 

12.2 

0.1 

20.5 

8.2 

12.4 

0 

20.6 

8.2 

11.6 

0 

19.8 

8.2 

11.2 

0 

19.4 

8.2 

11.8 

0 

20.0 

8.2 

11.6 

0 

19.8 

t8.2 

10.8 

0.4 

19.4 

8.2 

10.7 

0 

18.9 

8.2 

11.3 

0 

19.5 

8.2 

12.1 

0.3 

20.6 

8.2 

12.3 

0 

20.5 

8.2 

11.6 

0 

19.8 

8.2 

11.0 

0.3 

19.5 

8.2 

12.3 

0 

20.5 

8.2 

11.9 

0 

20.1 

■ 8.2 

11.6 
11.3 

0.1 
0 

8.3 

19.6 

8.3 

11.8 

0 

20.1 

8.3 

11.3 

0 

19.6 

8.3 

11.7 

0 

20.0 

t8.3 

11.5 

0.4 

20.2 

8.3 

11.8 

0.3 

20.4 

Continued  on  next  page 


11.6 

8.0 

0 

19.6 

11.6 

8.0 

0 

19.6 

11.6 

7.9 

0 

19.5 

11.6 

7.9 

0.3 

19.8 

11.6 

9.1 

0 

20.7 

11.6 

9.0 

0 

20.6 

11.6 

9.0 

0.2 

20.8 

11.6 

8.3 

0 

19.9 

11.6 

8.2 

0 

19.8 

11.6 

8.2 

0 

19.8 

11.6 

8.2 

0 

19.8 

11.6 

8.5 

0 

20.1 

11.6 

8.4 

0 

20.0 

11.6 

8.8 

0 

20.4 

11.6 

8.8 

0.2 

20.6 

11.6 

8.7 

0.3 

20.6 

11.6 

8.4 

0.1 

11.5 

8.8 

0.3 

20.6 

11.5 

8.9 

0 

20.4 

11.5 

8  6 

0.1 

20.2 

11.5 

8.5 

0.2 

20.2 

11.5 

8.4 

0 

19.9 

11.5 

8.3 

0.4 

20.2 

11.5 

8.1 

0.1 

19  7 

11.5 

7.9 

0 

19.4 

11.5 

7.9 

0 

19  4 

11.5 

6.7 

0 

18,2 

11.5 

7.8 

0.2 

19.5 

11.5 

7.6 

0.3 

19.4 

11.5 

7.5 

0 

19.0 

r 11.5 

8.1 

0.1 

11.4 

7.8 

0.2 

19.4 

11.4 

8.0 

0 

19.4 

11.4 

8.0 

0 

19.4 

11.4 

8.2 

0.5 

20.1 

11.4 

8.2 

0.4 

20.0 

11.4 

8.5 

0 

19.9 

11.4 

8.5 

0 

19.9 

11.4 

8.4 

0.2 

20.0 

11.4 

8.4 

0 

19.8 

11.4 

8.4 

0 

19.8 

11.4 

8.4 

0 

19.8 

11.4 

8.4 

0.2 

20.0 

11.4 

8.4 

0 

19.8 

11.4 

8.9 

0 

20.3 

11.4 

8.9 

0 

20.3 

r 11.4 

8.4 

0.1 

2048 


COMBUSTION   AND    BOILER   EFFICIENCY 


U   S.  Government  Tests 


TABLE  1— Continued 


TABLE  2— Continued 


Arranged  Accordinq  to  CDs 


Arranged  According  to  O 


COj 

0 

CO 

Total 

Continued 

8.3 

11.7 

0 

20.0 

8.3 

12.7 

0 

21.0 

8.3 

11.1 

0.2 

19.6 

8.3 

10.8 

0 

19.1 

8.3 

9.7 

0 

18.0 

t8.3 

10.1 

0.8 

19.2 

t8.3 

10.5 

0.5 

19.3 

8.3 

11.9 

0.1 

20.3 

8.3 

11.6 

0 

19.9 

8.3 

11.3 

0.2 

8.4 

10.8 

0 

19.2 

*8.4 

10.2 

0 

18.6 

8.4 

11.8 

0 

20.2 

8.4 

11.3 

0.1 

19.8 

8.4 

11.4 

0.2 

20.0 

8.4 

11.4 

0 

19.8 

8.4 

12.5 

0.1 

21.0 

8.4 

11.6 

0 

20.0 

8.4 

11.7 

0.2 

20.3 

8.4 

11.8 

0.2 

20.4 

8.4 

11.5 

0 

19.9 

8.4 

11.9 

0 

20.3 

8.4 

11.4 

0 

19.8 

8.4 

11.0 

0 

19.4 

8.4 

11.4 

0 

19.8 

8.4 

11.0 

0.5 

19.9 

8.4 

10.2 

0.2 

18.8 

r*8.4 

9.9 

0.5 

18.8 

8.4 

11.0 

0 

19.4 

8.4 

11.0 

0.2 

19.6 

t8.4 

11.3 

0.4 

20.1 

*8.4 

9.9 

0 

18.3 

8.4 

12.0 

0 

20.4 

8.4 

11.4 

0 

19.8 

8.4 

11.8 

0.3 

20.5 

8.4 

11.4 

0.2 

20.0 

8.4 

11.3 

0 

19.7 

8.4 

11.3 

0.1 

8.5 

11.5 

0.2 

20.2 

8.5 

12.5 

0 

21.0 

8.5 

10.9 

0 

19.4 

8.5 

12.3 

0 

20.8 

8.5 

11.4 

0 

19.9 

8.5 

11.6 

0 

20.1 

8.5 

11.0 

0.3 

19.8 

8.5 

11.9 

0 

20.4 

t8.5 

10.3 

0.3 

19.1 

8.5 

11.4 

0 

19.9 

8.5 

11.5 

0.1 

0 

COj 

CO 

Total 

11.3 

8.7 

0 

20.0 

11.3 

8.8 

0 

20,1 

11.3 

8.9 

0 

20.2 

11.3 

8.4 

0 

19.7 

11.3 

8.4 

0.4 

20.1 

11.3 

8.4 

0,1 

19.8 

11.3 

8.3 

0 

19.6 

11.3 

8.3 

0 

19.6 

11.3 

8.2 

0 

19,5 

11.3 

8.2 

0 

19,5 

11.3 

8.1 

0,3 

19.7 

11.3 

8.0 

0 

19.3 

11.3 

8.0 

0 

19.3 

11.3 

7.9 

0.1 

19.3 

11.3 

8.3 

0.1 

11.2 

7.8 

0 

19.0 

*11  2 

6.8 

0 

18.0 

•11.2 

6.6 

0 

17.8 

11.2 

8.2 

0.2 

19.6 

11.2 

8.2 

0 

19.4 

11.2 

9.0 

0,2 

20.4 

11.2 

8,6 

0 

19  8 

11.2 

8.6 

0,2 

20,0 

11.2 

8.9 

0 

20.1 

11.2 

8.8 

0 

20,0 

11.2 

8.8 

0 

20,0 

11.2 

8.6 

0 

19.8 

11.2 

9.0 

0 

20.2 

11,2 

7,8 

0 

19.0 

11.2 

8,3 

0 

11.1 

8,9 

0 

20,0 

11.1 

8.9 

0,3 

20,3 

11.1 

8.9 

0 

20,0 

11.1 

8.6 

0 

19.7 

11.1 

8.6 

0.1 

19.8 

11  1 

8.3 

0,2 

19.6 

11.1 

8.2 

0.4 

19.7 

11.1 

8.2 

0  1 

19.4 

11.1 

9.3 

0 

20,4 

ni.i 

6.8 

0.1 

18  0 

11.1 

8.5 

0.1 

11.0 

8.2 

0.3 

19,5 

u.o 

7.6 

0,4 

19,0 

no 

9.4 

0 

20,4 

11.0 

S.fi 

0 

19.6 

11  0 

8.6 

0,2 

19  8 

11.0 

8.6 

0 

19.6 

11  0 

8  6 

0.4 

20.0 

Continued  on  ne.xt 

page 
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U.  S.  Government  Tests 


TABLE  1— Continued 
Arranged  According  to  CO2 

CO2  O  CO      Total 


TABLE  2— Continued 
Arranged  AccoRDiNa  to  O 
O  COi         CO  Total 


8 

6 

11.2 

0 

19.8 

Continued 

8 

6 

10.5 

0 

19.1 

8 

6 

11.5 

0.1 

20.2 

11.0 

8.5 

0  3 

19  8 

8 

6 

11.2 

0.2 

20.0 

11 

0 

8 

4 

0 

19.4 

t8 

6 

11.0 

0.4 

20.0 

11 

0 

8 

4 

0.2 

19.6 

8 

6 

11.1 

0.1 

19.8 

11 

0 

8 

4 

05 

19.9 

t8 

6 

10.8 

0.5 

19.9 

11 

0 

8 

4 

0 

19.4 

8 

6 

10.7 

0.2 

19.5 

11 

0 

8 

7 

0 

19.7 

8 

6 

10  8 

0 

19.4 

11 

0 

8 

7 

0 

19.7 

8 

6 

11  0 

0 

19,6 

11 

0 

8 

8 

0 

19.8 

8 

6 

10  6 

0 

19.2 

11 

0 

8 

8 

0  4 

19.6 

8 

6 

12.4 

0 

21.0 

11 

0 

9 

0 

0.3 

20.3 

8 

6 

11  2 

0 

19.8 

11 

0 

8 

0 

0.1 

19.1 

8 

6 

11  1 

0 

19.7 

Aver  .   . 

.     11 

0 

8 

5 

0.3 

8 

6 

11  0 

0 

19.6 

8 

6 

11  0 

0  2 

19.8 

8 

6 

111 

0.1 

10.9 

9.0 

0 

19.9 

10.9 

9 

0 

0 

19.9 

10.9 

9 

2 

0 

20.1 

8.7 

11.7 

0.1 

20.5 

10.9 

8 

5 

0 

19.4 

8.7 

11.0 

0 

19.7 

10.9 

8 

8 

0.2 

19.9 

8.7 

11.3 

0 

2.00 

Aver  . 

..     10.9 

^9 

0 

8.7 

10  2 

0.1 

19.0 

8.7 

11.0 

0.0 

19.7 

8.7 

10.7 

0.3 

19.7 

10.8 

8.8 

0.1 

19.7 

8.7 

10  8 

0 

19.5 

10.8 

8.8 

0.3 

19.9 

8.7 

11.6 

0  3 

20.6 

10.8 

8.8 

0 

19.6 

8.7 

10.5 

0 

19.2 

10.8 

8.7 

0 

19.5 

8.7 

10.4 

0 

19.1 

10.8 

8.3 

0 

19.1 

8.7 

10.7 

0.4 

19.8 

10.8 

8.2 

0.4 

19.4 

8.7 

10.6 

0 

09.3 

10.8 

8.1 

0.5 

19.4 

8.7 

10.9 

0.1 

10.8 
10.8 
10.8 

8.6 
8.6 

8.4 

0 

0.5 

0 

19.4 
19.9 
19.2 

8.8 

11.0 

0 

19.8 

10.8 

9.0 

0 

19.8 

8 

8 

11.6 

0.2 

20.6 

10.8 

9.0 

0 

19.8 

8 

8 

10.8 

0.3 

19.9 

10.8 

9.1 

0.1 

20.0 

8 

8 

10.8 

0 

19.6 

10.8 

9.1 

0.2 

20.1 

»8 

8 

10.2 

0.3 

18.3 

Aver.... 

..     10.8 

8.7 

0.2 

8 

8 

10.5 

0.2 

19.5 

•8 

8 

9.0 

0 

17.8 

8 

8 

11.2 

0 

20.0 

10.7 

9.2 

0.3 

20.2 

8 

8 

10.7 

0.3 

19.8 

10  7 

9.2 

0 

19.9 

8 

8 

10.9 

0.2 

19.9 

10.7 

9.1 

0 

19.8 

8 

8 

11.2 

0 

20.0 

10.7 

8.6 

0.2 

19.5 

8 

8 

11.6 

0 

20.4 

10.7 

9.4 

0.1 

20.2 

8 

8 

11.3 

0 

20.1 

10.7 

8.2 

0 

19.9 

t*8 

8 

«.2 

0.6 

18.8 

10.7 

8.8 

0.3 

19  8 

8 

8 

11.5 

0.3 

20.6 

10.7 

8.7 

0.4 

19.8 

8 

8 

11.8 

0.3 

20  9 

10.7 

8.7 

0  3 

19  7 

8 

8 

10.8 

0.1 

19.7 

10.7 

9  0 

0 

19.7 

8 

8 

10.8 

0.2 

Aver.... 

....10 

7 

8 

9 

0.2 
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U.  S.  Government  Tests 


TABLE  1— Continued 
Arranged  According  to  CO2 

C02  O  CO  Total 


8.9 

11.1 

0 

20.0 

8.9 

11.5 

0 

30.4 

8.9 

11.9 

0 

20.8 

8.9 

11.2 

0 

20.1 

8.9 

11.4 

0 

20.3 

8.9 

10.5 

O.i 

19.6 

t8.9 

10.5 

0.4 

19  8 

8.9 

11.1 

0.3 

20.3 

8.9 

11.4 

0 

20.3 

•8.9 

9.8 

0.2 

18.9 

8  9 

10.6 

0 

19.5 

8.9 

11.3 

0 

20.2 

8.9 

10.3 

0 

19.2 

89 

11.1 

0 

20.0 

8.9 

11.0 

0.1 

9.0 

11.2 

0 

20.2 

9.0 

10.9 

0 

19  9 

9.0 

10  7 

0 

19  7 

9.0 

10.8 

0 

19.8 

9  0 

10.5 

0 

19.5 

9.0 

10.0 

0 

19.0 

9  0 

10.8 

0 

19.8 

t9.0 

9.8 

0.4 

19.2 

9  0 

10.5 

0 

19.5 

9.0 

10.6 

0 

19  6 

9.0 

10.6 

0.3 

19.9 

t9  0 

10.3 

0  4 

19.7 

9.0 

11.0 

0  3 

20.3 

t9.0 

9.6 

0.4 

19.0 

9  0 

11.2 

0.2 

20.4 

9  0 

11  6 

0 

20.6 

9.0 

11.6 

0.2 

20.8 

9  0 

10  9 

0 

19.9 

9.0 

10.4 

0 

19.4 

90 

10.7 

0.1 

9.1 

10.7 

0 

19.8 

9.1 

10  5 

0.2 

19.8 

t9.1 

10.3 

0.5 

19.9 

9  1 

10.8 

0.1 

20.0 

9.1 

11.6 

0 

20  7 

9.1 

10.2 

0 

19.3 

9.1 

10.8 

0  2 

20.1 

♦9.1 

9  7 

0 

18.8 

9.1 

10.5 

0 

19.6 

t9.1 

10.3 

0.5 

19.9 

9.1 

10.1 

0.3 

19.5 

9.1 

10.6 

0.1 

19.8 

r 9.1 

10.5 

0.2 

TABLE  2— Continued 
Arranged  According  to  O 


*10.6 

7.4 

0 

18  0 

•10.6 

6.8 

0 

17  4 

10.6 

7.9 

0 

19.5 

10.6 

8.9 

0 

19.5 

10.6 

9.4 

0.2 

20  2 

10.6 

9.4 

0.4 

20.4 

10.6 

8.6 

0 

19.2 

10.6 

9.0 

0 

19.6 

10.6 

9.0 

0.3 

19.9 

10.6 

9.1 

0  1 

19.8 

10.6 

9.2 

0.1 

19.9 

10.6 

9.2 

0 

19.8 

10.6 

9.2 

0.2 

20.0 

10.6 

8  7 

0 

19.3 

•10.6 

7.2 

0 

17.8 

10.6 

8.6 

O.l 

10.5 

9.0 

0 

19.5 

10.5 

9.0 

0 

19.5 

10.5 

9.1 

0.2 

19.8 

10.5 

9.1 

0 

19.6 

10.5 

9  2 

0.1 

19.8 

10.5 

8.6 

0 

19.1 

10.5 

9.4 

03 

20.2 

10.5 

9.3 

0.4 

20.2 

10.5 

8.3 

0.5 

19  3 

•10.5 

7.6 

0 

18  1 

10  5 

8.9 

02 

19.6 

10.5 

8.9 

0.4 

19  8 

10.5 

8.8 

0.2 

19.5 

10.5 

8  7 

0 

19.2 

10  5 

8.9 

0.2 

10.4 

8  0 

0.1 

18.5 

•10.4 

7.9 

0.5 

18.8 

10.4 

8.7 

0 

19.1 

10.4 

9.3 

0.5 

20  2 

10.4 

9  4 

0 

19.8 

10.4 

9.5 

0 

19.9 

10.4 

9.6 

0.2 

20.2 

10.4 

9.2 

0.2 

20.0 

10.4 

9.2 

0 

19.6 

10.4 

9.2 

0.2 

19.8 

10  4 

9.0 

0 

19  4 

10.4 

9.0 

0.2 

10.-.; 

9  2 

0 

19.5 

10.3 

9  2 

0.3 

19.8 

10.3 

9.1 

0.5 

19  S 

10.3 

9.1 

0.5 

19  9 

10.3 

9.0 

0.4 

19  7 

Continued  on  next  page 
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U.  S.  Government  Tests 


TABLE  1— Continued 


Arranged  According  to  COj 


10.7 

0 

19  9 

10  6 

0  1 

19.9 

10.4 

0.2 

19  8 

10  6 

0 

19  8 

10  2 

0  1 

19.4 

10,5 

0.1 

19.8 

10  7 

0  3 

20.2 

10.6 

0.2 

20.0 

10.4 

0 

19.6 

10.9 

0 

20  1 

2 

10.4 

0.2 

19.8 

2 

10.3 

0 

19.5 

2 

10.3 

0.3 

19.8 

2 

9.2 

0  4 

18.8 

2 

10.4 

0.1 

t  9  3 

9.8 

0.4 

19.5 

*  9  3 

8.7 

0  2 

18.2 

9.3 

10.0 

0.2 

19.5 

t  9.3 

10  5 

0.4 

20  2 

t  9.3 

10  4 

0.5 

20.2 

9.3 

10.2 

0 

19.5 

9.3 

10  3 

0.3 

19  9 

*  9.3 

9  3 

0 

18.6 

t  9.3 

9.8 

0.5 

19.6 

9.3 

11.1 

0 

20.4 

9  3 

10.3 

0 

19.6 

9  3 

10  0 

0.2 

9.4 

9.7 

0 

la.l 

9  4 

9.6 

0 

19.0 

9.4 

10.9 

0  1 

20.4 

9.4 

10.4 

0 

19.8 

9.4 

10.6 

0.2 

20.2 

9.4 

11.0 

0 

20.4 

9.4 

9.4 

0.3 

19.1 

9.4 

10.5 

0.3 

20.2 

9.4 

9.9 

0.3 

19.6 

t  9.4 

10.6 

0.4 

20.4 

9.4 

10.7 

0.1 

20.2 

t  9.4 

10.2 

0.4 

20.0 

*  9.4 

9.5 

0 

18.9 

9.4 

10.1 

0.1 

19.6 

9.4 

9.6 

0.2 

19.2 

9.4 

9.6 

0.3 

19  3 

9  4 

10.1 

0.2 

TABLE  2— Continued 

Arranged  According  to  0 

O 

CO-. 
Continued 

CO 

Total 

10.3 

8.5 

0  3 

19.1 

10.3 

9.3 

0.3 

19 

9 

10  3 

9.3 

0 

19 

6 

10.3 

9  5 

0.2 

20 

0 

10.3 

9.6 

0 

19 

9 

10.3 

8.1 

0.2 

18 

6 

10.3 

8.9 

0 

19 

2 

10  3 

9.1 

0.2 

*  10.2 

8.2 

0.1 

18.5 

10.2 

9.3 

0 

19.5 

10  2 

8.7 

0.1 

19  0 

10.2 

8.8 

0.3 

19.9 

10.2 

9.6 

0 

19.8 

10.2 

10.2 

0.6 

21.0 

•10.2 

8.4 

0.2 

18.8 

10.2 

9.1 

0 

19.3 

10.2 

9.2 

0 

19.4 

10  2 

8.4 

0 

18.6 

..   ..         10.2 

9.0 

0.1 

10  1 

9.1 

0.3 

19.5 

10.1 

9.4 

0  1 

19  6 

10.1 

8.3 

0.8 

19.2 

10.1 

8.9 

0  4 

*10  0 

8.0 

0 

18.0 

10.0 

9.7 

0  5 

20.0 

10.0 

9.6 

0 

19.6 

10.0 

9.3 

0.2 

19.5 

10  0 

10.2 

0  1 

20.3 

10.0 

10.2 

0 

20.2 

10.0 

9.0 

0 

19  0 

10.0 

9  4 

0.1 

9.9 

9.4 

0.3 

19.6 

9.9 

9.5 

0.4 

19.8 

9  9 

9.5 

0.1 

19.5 

9.9 

9.6 

0.2 

19.7 

9.9 

10.2 

0.6 

20.7 

9.9 

10.2 

0 

20  1 

9.9 

9.8 

0.2 

19.9 

•  9.9 

8.4 

0.5 

18.8 

9.9 

8.4 

0 

19  3 

9.9 

9.4 

0  3 

9.8 

9.8 

0 

19.6 

9  8 

9.0 

0.4 

19.2 

9.8 

9.6 

0.1 

19.5 

9.8 

9.6 

0 

19  4 

Continued  on  next  page 
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U.  S.  Government  Tests 


TABLE  1— Continued 
Arranged  According  to  CO2 

CO-2  O  CO  Total 


t9.5 

9.3 

0.5 

19.3 

t9.5 

9.9 

0.4 

19.8 

*9.5 

8.5 

0 

18.0 

t9.5 

9.3 

0.6 

19.4 

*9.5 

8.9 

0.1 

18.5 

9.5 

10  4 

0 

19.9 

t9.5 

9.3 

0  5 

19.3 

9.5 

9  9 

0  1 

19.5 

9.5 

10.3 

0.2 

20.0 

9.5 

9.4 

0  3 

9.9 
9.4 
10.2 
10  3 
10  4 


19.2 
19  5 
19.4 
19.6 
20.0 
19.7 


19,9 
20.2 


t9.7 

10.0 

0.5 

20.2 

f9.7 

9.5 

0.4 

19.6 

9.7 

9  8 

0.5 

9 

8 

9.6 

0  2 

19.6 

t9 

8 

9.3 

0.4 

19.7 

9 

8 

9  9 

0.2 

19.9 

9 

8 

9  8 

0 

19.6 

9 

8 

9  7 

0  3 

19  8 

9 

8 

9.7 

0 

19  5 

t9 

8 

9.2 

0.4 

19  4 

*9 

8 

8  2 

0  3 

18  3 

9 

8 

9.4 

0.2 

9.9 

8.9 

0.6 

19.4 

9.9 

9.7 

0.1 

19.7 

t9.9 

9.7 

0.3 

19.9 

t9.9 

8.8 

0.4 

19.1 

*9.9 

8.0 

0 

17.9 

t9.9 

8.2 

1.4 

19.5 

9.9 

9.6 

0 

19.5 

9 

9 

9.0 

0.4 

TABLE  2— Continued 

Arranged  According  to  O 

O  COi         CO 

Continued 


9.7 
•9.7 

9.7 
9  7 
9.7 
9.7 
9.7 

9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 


9.5 
9.5 
9.5 
9.5 
9.5 


3  0.5 

3  0.4 
9  0.2 

4  0.3 


9.6 
9.4 
9.4 
9.4 


0.3 
0 
0.1 
0.3 
0.1 

0.3 
0 
0.2 
0.0 
0.2 
0.3 
0 
0.8 
0.4 
0.2 


10.1  0.4 

10.1  0 

9.7  0.4 

10.4  0 

10.1  0.2 


10  4 
10.2 
10.0 
10.0 
10.0 


9.8 
10.5 
10.5 
9.5 
9.3 
9.5 
9.9 


0.4 
0.2 
0.4 
0.5 
0 
0.5 
0.3 


19.6 
19  5 


19.1 

18.8 
18.0 
19.8 
19.5 
19.7 
19  9 


20.0 
19.5 
19.6 
19.2 
19.2 
19.3 
19.0 
20.0 
19.0 


20.0 
19.6 
19.6 
19.9 


19.1 
19.2 
19.9 
19.6 
19.6 
19.4 
19.7 


19.7 
20  0 
20.2 
19.3 
18.6 
19.3 
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U.  S.  Government  Tests 


TABLE  1— Continued 
Arranged  According  to  CO2 

CO  2  O  CO  Total 


TABLE  2— Continued 
Arranged  According  to  O 

O  CO2  CO       Total 


10.0 

tie  0 

10.0 

tio.o 

*10.0 
10.0 

tio.o 
tio.o 

.     10.0 

*10.1 
10.1 
flO.l 
flO.l 
10.1 
10.1 

tio.i 

flO.l 
.     10  1 

10.2 
10.2 
10  2 
10.2 
tlO.2 
tlO.2 
.     10.2 

no. 3 

tlO.4 
tlO.4 
10.4 
tlO  4 
tlO.4 
10.4 
10.4 
.     10.4 

10.5 

tlO.5 

t*10  5 

tlO.5 

...10. .5 


0 

0.3 
0 
0.3 
0 
0.2 
0.4 
0.3 
0.2 

0.2 
0.3 
1.6 
2.1 
0 
0.3 
0.4 
0.4 
0.7 

0 
0 
0.1 
0 
0.6 
0.6 
0.2 

0 

0.5 

1.4 

0 

9.0  0.5 

8  2  0.5 

8.9  0.2 

9.4  0.1 

8.9  0.5 

9.3  0.2 

9.3  0.4 

7.7  0.6 

8.6  0.5 

8.7  0.4 


10.0 
9.9 

10  0 
9.4 


8.6 
9.5 


19.4 
19.7 
19.2 
19.3 
18.6 
19.6 
19.6 
19.3 


17.3 
20.0 
20.6 
20  8 
19.6 
19  4 
20.0 
18.7 


20.2 
20  1 
20.3 
19.6 
20.7 


19  9 
19.5 
19.1 
19.5 
19.9 


20.0 
20.2 
18.8 
19.6 


0.6 


18.6 


10.7 

9.1 

0.2 

20.0 

no.  7 

7.9 

0.9 

19.5 

10.7 

8.1 

1.1 

19.9 

10.7 

8.4 

0.7 

9  2 

10.0 

0  4 

19.6 

»9  2 

7.1 

0.3 

16.7 

9.2 

10.0 

0 

19.2 

9.2 

9.8 

0.4 

19.4 

*9.2 

9.2 

0.4 

18  8 

9.2 

9.2 

0.4 

9.1 

10.7 

0.2 

20.0 

9.1 

10.1 

0.3 

20  5 

91 

10  4 

0  2 

*9.0 

8.8 

0 

17.8 

9.0 

10.6 

0 

19.6 

9  0 

10  4 

0.5 

19.5 

9.0 

10.1 

0.3 

19.4 

9.0 

10.0 

0.3 

19.3 

9.0 

10.0 

0  3 

19.3 

• 90 

10.0 

0.2 

8.9 

9.9 

0.6 

19.4 

8.9 

10.1 

1.6 

19.7 

8.9 

10.4 

0.5 

19.8 

8.9 

10.4 

0.2 

19.5 

*  8.9 

9.5 

0.1 

18.5 

r 8.9 

10.0 

0.6 

8.8 

9.9 

0.4 

19.1 

8.8 

11.0 

0.5 

20.3 

8.8 

11.0 

0 

19.8 

r 8.8 

10.6 

0.3 

*  8.7 

9.3 

0.2 

18.2 

8.7 

10.8 

0 

19.5 

r 8.7 

10.0 

0.1 

8.6 

10.1 

2.1 

20.8 

8.6 

10.8 

0 

19.4 

8.6 

10.8 

0 

19.4 

8.6 

10.5 

0.5 

19.6 

8.6 

10.4 

1.4 

20.4 

*  8.6 

10.0 

0 

18.6 

r 8.6 

10.4 

0.7 

*  8.5 

9.5 

0 

18.0 

8.3 

10.8 

0.1 

19.2 

2054 
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U.  S.  Government  Tests 


TABLE  1— Continued 
Arranged  According  to  OO2 

COj  O  CO        Total 


TABLE  2— Continued 

Arranged  According  to  O 

O  CO2  CO 


10.8 

8.6 

0 

19.4 

8.2 

10.4 

0.5 

19.1 

10.8 

8.6 

0 

19.4 

8.2 

10.1 

0.4 

18,7 

10.8 

8.7 

0 

19.5 

8.2 

9.9 

1.4 

19,5 

10.8 

8.3 

0.1 

19.2 

8.2 

9.8 

0.3 

18.3 

Aver.... 

..     10.8 

8.6 

0 

Aver.... 

..       8.2 
8.1 

10  0 

10  7 

0.6 
11 

19.9 

10  9 

7.9 

0.3 

19.1 

Aver... 

8.1 
..       8.1 

11.1 
10,9 

0.2 
0.6 

19.4 

tll.O 

8.8 

0,5 

20.3 

11.0 

8.8 

0 

19.8 

8.0 

9.9 

0 

17.9 

Aver.... 

...     11.0 

8.8 

0.3 

7.9 
7.9 

10.7 
10  4 

0.9 
0.4 

19.5 
19.7 

11.1 
11.1 

8.1 
9.1 

0.2 
0.3 

19.4 
20.5 

Aver.... 

...     7.9 

11.0 

0.6 

Aver... 

..     11.1 

8.6 

0.3 

*  7.7 

10  5 

0  0 

18  8 

til. 4 

7.9 

0.4 

19.7 

*  7.0 

10,1 

0,2 

17,3 

LOCOMOTIVE  TESTSi 


TABLE  3 

Arranokd  Accordino  to  CO2 


Arranged  According  ' 


10  16 

8.49 

11,10 

7.84 

11.15 

7.52 

11.45 

6.92 

11,46 

7.49 

11  50 

7.08 

11.78 

6.74 

11,96 

7.00 

11.96 

7.07 

12  05 

6.93 

12  20 

0.94 

12,45 

5,87 

13. '>7 

4,49 

13  K7 

4,75 

'  Biilletl 

.   No,  367.  L 

CO 

0.13 
0.23 
0.20 

0 
0.1 
0.17 
0.30 
0.23 
0.14 
0,15 
0,05 
0,22 
0  20 


Total 

18.78 
19.17 
18.87 
18.37 
19.05 
18.75 
18,82 
19,10 


18,54 
18,26 
18,87 


8.49 
7.84 
7.52 
7.49 
7.08 
7.07 
7.00 
6.94 
6.93 
6  92 
6,74 


10  16 
11.10 
11.15 

11  46 
11.50 
11.96 

12.20 
12.05 
11  45 
11,78 
12.45 
13,87 
13.57 


CO 

0.13 

0.23 

0.20 

0.1 

0.17 

0.14 

0.23 

0.05 

0.15 

0  30 


Tot 

al 

18, 

78 

19. 

17 

18, 

87 

19  05 

18,75 

19 

17 

19  13 
1,S  37 
18  82 
18,54 
18,87 
18.26 


of  DrulL  in  CSluuni  lioiler  Pructlce. 
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Six  Hour  Average  Samples 


TABLE  5 

TABLE   6 

Arranged 

According 

TO    COj 

Arranged  According  to  O 

COj 

O 

CO 

Total 

0 

CO2 

CO 

Total 

8.2 

11.4 

0 

19.6 

11.4 

8,2 

0 

19,6 

8.5 

11.3 

0 

19.8 

11,3 
11,3 

8,0 
8.5 

0 
0 

19.3 
19.8 

8.8 

10.6 

0 

19.4 

Aver,,. 

...     11.3 

8.3 

0 

9,0 

10.3 

0 

19,3 

10.6 

8.8 

0 

19,4 

9.0 

10.2 

0 

19.2 

Aver.. 

9.0 

10.3 

0 

10.3 
10.3 

9.0 
9.3 

0 
0 

19,3 
19,6 

9.2 

10.1 

0 

19.3 

10,4 

9.5 

0 

19.8 

9.2 

10.1 

0 

19.3 

Av.ser.. 

....     10,3 

9.3 

0 

Aver.. 

9.2 

9.3 

10.1 
10.3 

0 
0 

19.6 

10.2 

9.0 

0 

19  2 

Aver.. 

9.3 
9.3 

9.8 
10.1 

0 
0 

19.1 

10.1 
10.1 
10,1 

9.2 
9.2 
9.7 

0 
0 
0 

19.3 
19.3 

19  8 

9.5 

10.3 

0 

19,8 

Aver... 

10,1 

9,4 

0 

9.6 

9.6 

0 

19.2 

9,9 

10  0 

0 

19.9 

9.7 

10.1 

0 

19.8 

9,8 
9.8 

9,3 

9,8 

0 
0 

19.1 
19.6 

9.8 
9.8 

9.8 
9.7 

0 
0 

19.6 
19.5 

Aver... 

9,8 
....       9,8 

10.1 
9  7 

0 
0 

19.9 

9.8 

9.7 

0 

19.5 

Aver.. 

9.8 

9.7 

0 

9,7 
9.7 

9.8 
9.8 

0 
0 

19.5 
19,5 

t  9.9 

8.9 

0.4 

19.2 

Aver... 

....       9.7 

9.8 

0 

19,5 

10.0 
10.0 

9.9 
9.1 

0 
0 

19.9 
19.1 

9.6 

9.6 

0 

19,2 

10.0 
10.0 

9.0 
9.0 

0 
0 

19.0 
19.0 

9.5 

10,0 

0 

19  5 

10.0 

9.5 

0 

19.5 

Aver.. 

10.0 

10.0 

10  0 

10.1 

9.3 
9.3 
9.3 

9.1 

0 
0 
0 

0 

19.3 
19.3 

19.2 

Aver... 

9.4 

9.4 

9.4 

....       9.4 

10,2 
10,3 
10.? 
10,4 

0 
0 
0 

0 

19,6 
19.7 
20,0 

Aver. 

10.1 
10.1 

9.8 
9.5 

0 
0 

19.9 

9.3 
9,3 
9.3 

10.0 
10.0 
10,2 

0 
0 
0 

19,3 
19.3 
19.5 

10.2 

9.4 

0 

19.6 

9.3 

10,3 

0 

19,6 

10.2 

9.3 

0 

19.5 

9,3 

10,4 

0 

19,7 

10.2 

9.2 

0 

19,4 

9,3 

10,4 

0 

19,7 

10.2 

9.1 

0 

19,3 

9.3 

10  5 

0 

19,8 

Aver. 

10.2 

9.3 

0 

Aver... 

....       9,3 

10  3 

0 
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COMBUSTION   AND    BOILER   EFFICIENCY 


Six  Hour  Average  Samples 


TABLE  6— Continued 

Arranged  AccOKDiNa  to  CO2 

CO2  O  CO 


TABLE  6— Continued 


Arranged  According  to  O 


10.3 

9.0 

0 

19.3 

9.2 

10.2 

0 

19.4 

10.3 

9.0 

0 

19.3 

9.2 

10.3 

0 

19,5 

10.3 

9.1 

0 

19.4 

9.2 

10  3 

0 

19.5 

10.3 

0 

19.4 

9.2 

10.6 

0 

19.8 

10.3 

9.2 

0 

19.5 

Aver 

9.2 

10.4 

0 

10.3 

8.6 

0.1 

19.0 

9.1 

10.0 

0 

19.1 

10.3 

8.7 

0 

19.0 

9.1 

10.1 

0 

19.2 

10.3 

8.7 

0 

19.0 

9.1 

10.2 

0 

19.3 

10.3 

8.8 

0 

19.1 

9.1 

10.3 

0 

19,4 

10.3 

9.4 

0 

19.7 

9.1 

10.3 

0 

19.4 

10.3 

9.2 

0 

19.5 

Aver, . . . 

..      9.1 

10.2 

0 

10.3 

9.3 

0 

19.6 

Aver 

,.     10.3 

9.0 

0 

9.0 
9.0 

10.0 
10.0 

0 
0 

19.0 
19.0 

10.4 

9.3 

0 

19.7 

9.0 

10.3 

0 

19.3 

10.4 

9.3 

0 

19.7 

9.0 

10.3 

0 

19.3 

10.4 

8.7 

0 

19.1 

9.0 

10.5 

0 

19.5 

10.4 

8.9 

0 

19.3 

Aver 

..      9.0 

10.2 

0 

Aver.... 

..     10  4 

9.1 

0 

8.9 

9.9 

0.4 

19.2 

10.5 

8.9 

0 

19.4 

8.9 

10.4 

0 

19.3 

10.5 

9.0 

0 

19.5 

8.9 

10  5 

0 

19.4 

10.5 

9.3 

0 

19.8 

Aver 

.       8.9 

10.3 

0.2 

Aver 

..     10.5 

9.1 

0 

8.8 
8.8 

10.3 
10.7 

0 
0 

19.1 
19.5 

10.6 

9.4 

0 

20.0 

8.8 

11.0 

0 

19.8 

10.6 

9.2 

0 

19.8 

Aver 

..      8.8 

10.7 

0 

10.6 

8.4 

0 

19.0 

Aver 

..     10.6 

9.0 

0 

8.7 
8.7 

10.3 
10.3 

0 
0 

19.0 
19.0 

10.7 

8.3 

0 

19.0 

8.7 

10.4 

0 

19.1 

10.7 

8.8 

0 

19.5 

8.7 

11.0 

0 

19.7 

10.7 

8.6 

0 

19.3 

Aver 

8.7 

10.5 

0 

10.7 

8.3 

0 

19.0 

(^.6 

10.3 

0.1 

19,0 

Aver — 

..     10.7 
10.8 

8.5 
8.4 

0 
0 

19.2 

Aver 

8.6 
...     8.6 

10.7 
10,5 

0 
0.1 

19.3 

10.8 

8.4 

0 

19.2 

8.5 

10.9 

0 

19.4 

Aver 

..     10.8 

8.4 

0 

8.5 
8.5 

11.0 
11.0 

0 
0 

19.5 
19.5 

10.9 

8.5 

0 

19.4 

8.5 

11.0 

0 

19.5 

10.9 

8.2 

0.2 

19.1 

8.5 

11.1 

0 

19.6 

Aver  — 

..     10.9 

8.4 

0.1 

Aver 

..      8.5 
8.4 

11.0 
10.6 

0 
0 

19.0 

11.0 

8.8 

0 

19.8 

8.4 

10.8 

0 

19.2 

11.0 

8.7 

0 

19.7 

8.4 

10.8 

0 

19.2 

11.0 

8.1 

0 

19.1 

8.4 

11.0 

0 

19.4 

11.0 

8.2 

0 

19.2 

8.4 

11.0 

0 

19.4 

11.0 

8.0 

0 

19.0 

Aver 

8.4 
8.4 

11.4 
10,9 

0 
0 

19  8 

Continued  on  next  page 
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TABLE  5— Continued 

AltRANQED  AcCOnOING  TO    CO2 

CO2  O  CO         Total 

Continued 


TABLE  6— Continued 
Arranged  According  to  O 


11.0 

8.0 

0 

19.0 

11.0 

8.4 

0 

19.4 

•      11.0 

8.4 

0 

19.4 

11.0 

8.5 

0 

19.5 

11.0 

8.5 

0 

19.5 

11.0 

8.5 

0 

19.5 

11.0 

8.3 

0 

19.3 

11.0 

8.2 

0 

19.2 

no 

8.4 

0 

11.1 

8.2 

0 

19.3 

11.1 

8.2 

0 

19.3 

11.1 

8.5 

0 

19.6 

11.1 

7.9 

0 

19.0 

11.1 

8.2 

11.2 

8.0 

0 

19.2 

11.2 

8.0 

0 

19.2 

11.2 

8.0 

0 

19.2 

11.2 

8.0 

0 

11  3 

8.2 

0 

19.5 

11.3 

8.2 

0 

19.5 

11.3 

7.8 

0 

19.1 

11.3 

7.7 

0 

19.0 

11.3 

8.0 

0 

11.4 

7.6 

0 

19.0 

11.4 

7.7 

0 

19  1 

11.4 

8.4 

0 

19.8 

- 11.4 

7.9 

0 

11.5 

7.8 

0 

19.3 

11.5 

7.8 

0 

19.3 

11.5 

7.5 

0 

19.0 

11.5 

7.5 

0 

19.0 

11.5 

7.9 

0 

19.4 

■ 11.5 

7.7 

0 

11.6 

7.4 

0 

19.0 

11.6 

7.4 

0 

19.0 

11.6 

8.3 

0 

19.9 

11.6 

7.9 

0 

19.5 

11.6 

7.8 

0 

19.4 

r 11.6 

7.9 

0 

11.7 

7.6 

0 

19.3 

11.7 

7.6 

0 

19.3 

11.7 

8.1 

0 

19.8 

11.7 

7.8 

0 

19.5 

11.7 

7.4 

0 

19.1 

r 11.7 

7.7 

0 

8.2 
8.2 
8.2 
8.2 

8.2 
8.2 

8.2 

8.1 
8.1 
8.1 
8.1 

8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 

7.9 
7.9 
7.9 
7.9 

7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 

7.7 
7.7 
7.7 
7.7 
7.7 
7.7 


10.0 
10.7 
10.7 
11.0 
11.6 
12.2 
11.0 


11  0 
11  I 
111 
11.3 
II  3 
111 


II  0 
11.7 
11  8 


11.1 
11.5 
11.6 
11  4 

11.3 
11.5 
11.5 
11.6 
11.7 
11.8 
12.1 
11.6 


11,3 
11.4 
11.9 
12.1 
13.3 
12.0 


0 
0 
0 
0 
0 
0.3 
0.1 

0 

0 
0 

n 


19.3 
19  0 
19  0 
19  3 


19.2 
19  2 

19  3 


19  0 
19  0 
19.2 
19.2 
19.2 
19.8 


19.0 
19.4 
19  5 


19.1 
19.3 
19  3 
19.4 
19.5 


19.0 
19.1 
19.6 
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COMBUSTION   AND    BOILEE   EFFICIENCY 


Six  Hour  Average  Samples 


TABLE  5— Continued 


Arranged  According  to  COs 


TABLE  6— Continued 
Arranged  According  to  O 


CDs 


tt2.0 
12.0 
12.0 
12.0 


6.6  0.4 

6.9  0.1 

7.0  0 

6.8  0.2 


19.0 
19.1 
19.1 
19.9 
19.8 
19.6 


19.6 
19.2 


19.0 
19.0 
19.0 


7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
Aver 7.6 

7.5 

7.5 

Aver 7.5 

7.4 

7.4 

7.4 

Aver 7.4 


11.4 
11.7 
11.7 
12.1 
12.2 
12.2 
11.9 

11.5 
11.5 
11.5 

11.6 
11.7 
12.2 
11.8 


19.3 

19.7 
19.8 


19.0 
19.0 


19.0 
19.1 
19.6 


12.1 
12.1 
12.1 
12.1 
12.1 
12.1 
Aver 12.1 

12.2 
12.2 
12.2 
12.2 
12.2 
12.2 
12.2 
12.2 
Aver 12.2 

12.3 

12.3 

Aver 12.3 

12.4 

12.4 

Aver 12.4 

12.5 

12.5 

12.5 

Aver 12.5 

12.6 

12.6 

12.6 

Aver 12.6 


6.9 
7.0 
7.4 
7.6 
7.6 


0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0.3 
0 

0.1 

0 

0.1 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 


19.9 
19.7 
19.8 
19.2 
19.3 
19.4 


19.5 
19.0 
19.1 
19.2 
19.6 


19.0 
19.3 


19.6 
19.0 
19.5 
19.4 

19.2 
19.1 
19.8 


Aver. 


7.3 
7.3 
7.3 
7.3 
7.3 
7.3 

7.2 
7.2 
7.2 
7.2 
7.2 
7.2 

7.1 
7.1 
7.1 


7.0 
7.0 
7.0 
7.0 
Aver 7.0 

6.9 

6.9 

Aver 6.9 

6.8 

6,8 

Aver 6.8 

6.6 

6.6 

6.6 

Aver 6.6 


11.8 
11.8 
11.9 
12.1 
12.2 
12.0 

11.8 
12.1 
12.4 
12.6 
12.4 
12.3 

12.1 
12.5 
12.3 


12.2 
12.7 
12.5 

12.0 
12.3 
12.6 
12.3 


12.0  0 

12.2  0 

12.3  0 
12.5  0 
12.3  0 

12.0  0.1 
12.2  0 

12.1  0.1 


19.1 
19.1 
19.2 
19.4 
19.5 


19.0 
19.3 
19.6 


19.2 
19.6 


19.0 
19.2 
19.3 
19.5 


19.0 
19.1 


19.0 
19.5 


19.0 
19.0 
19.2 
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Six  Hour  Average  Samples 


TABLE  1— Continued 
Arranged  According  to  CO2 

CO2  O  CO        Total 


TABLE  1— Continued 
Arranged  According  to  O 


12.7 

6.3 

0 

19.0 

12.7 

6.8 

0 

19.5 

12.7 

6.6 

0 

12.8 

6.2 

0 

19.0 

12.8 

6.2 

0 

19.0 

• 12.8 

6  2 

0 

13.0 

6.1 

0 

19.1 

13.0 

6  1 

0 

19.1 

13.0 

6.4 

0 

19.4 

13.0 

6.2 

0 

19.2 

• 13.0 

6.2 

0 

13.2 

6.4 

0 

19.6 

13.2 

5.9 

0 

19.1 

13.2 

5.6 

0.2 

19.0 

• 13.2 

6.0 

0.1 

13.3 

6.0 

0 

19.3 

13.3 

5.5 

0.2 

19.0 

13.3 

7.7 

0 

21.0 

• 13.3 

6  4 

0.1 

13.5 

6.1 

0 

19.6 

13.6 

5.1 

0.3 

19.0 

13.7 

5.5 

0 

19.2 

13.8 

5.2 

0 

19.0 

13.8 

6.0 

0 

19.8 

13.8 

6.0 

0 

19.8 

- 13.8 

5.7 

0 

6.5 

12.5 

0 

19.0 

6.5 

12.6 

0 

19.1 

6.5 

12.6 

0 

6.4 

13.0 

0 

19.4 

6.4 

13.2 

0 

19.6 

6.4 

13.1 

0 

6.3 

12.7 

0 

19.0 

6.2 

12.8 

0 

19.0 

6.2 

12.8 

0 

19.0 

6.2 

13.0 

0 

19.2 

6.2 

12.9 

0 

6.1 

13.0 

0 

19.1 

6.0 

13.3 

0 

19.3 

6.0 

12.8 

0 

18.8 

6.0 

12.8 

0 

18.8 

6.0 

13.0 

0 

5.9 

13.1 

0 

19.0 

5.9 

13.2 

0 

19.1 

5.9 

13.2 

0 

5.5 
5.5 
5.5 

5.2 

5.1 


13.3 
13.7 
13.5 

13.8 

13.6 


0.2 

0 

0.1 


0 
0.3 


19.0 
19.2 


19.0 
19.0 
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COMBUSTION    AND    BOILER   EFFICIENCY 
Six  Hour  Average  Samples 


TABLE  7 

Arranged  According  to  CO2 

CO,  O  CO 


TABLE  8 

Arranged  According  to  O 

O  COj         CO 


8.0 

10.5 

0.1 

18.6 

10.7 

8.0 

0.1 

18.8 

8.0 

10.7 

0.1 

18.8 

8.0 

10.1 

0.1 

18.2 

10.5 

8.0 

0.1 

18.6 

Aver 

..      8.0 

10.4 

0.1 

10.1 

8.0 

0.1 

18.2 

8.5 

9.9 

0.1 

18.5 

9.9 

8.5 

0.1 

18.5 

8.7 

9.8 

0.1 

18.6 

9.8 

8.7 

0.1 

18.6 

9.0 

9.4 

0.2 

18.6 

9.4 
9.4 

9.0 
9  2 

0.2 
0.1 

18.6 

18.7 

9.2 

9.4 

0.1 

18.7 

Aver... 

9.4 

9.1 

0.2 

19.3 

8.7 

0.4 

18.4 

9.3 

9.6 

0 

18.9 

9.4 

8.9 

0.2 

18.5 

Aver 

9.3 
..       9.3 

9.6 
9.6 

0 
0 

18.9 

9.5 

8.5 

0 

18.0 

9.1 

9.8 

0 

18.9 

9.6 

9.3 

0 

18.9 

9.6 

8.8 

0.2 

18.6 

9.0 

9.7 

0.1 

18.8 

9  6 

9.3 

0 

18.9 

Aver.... 

9  6 

9.1 

0.1 

8.9 
8.9 

9.4 
9.7 

0.2 
0.2 

18  5 

18.8 

9.7 

8.9 

0.2 

18.8 

8.9 

9.9 

0.1 

18.9 

t9.7 

8.1 

0.4 

18.2 

Aver  — 

..       8.9 

9.7 

0.2 

9.7 

9.0 

0.1 

18.8 

Aver... 

9.7 

8.7 

0.2 

8.8 
8.8 

9.6 
9.S 

0.2 
0.1 

18  6 
18.7 

t9.8 

8.2 

0.4 

18.4 

8.8 

9.9 

0.1 

18,8 

9.8 

8.8 

0.1 

18.7 

Aver 

..      8.8 

9.8 

0.1 

9.8 

9.1 

0 

18.9 

Aver.... 

..       9.8 

8.7 

0.2 

8.7 
8.7 

9.3 
10.0 

0.4 
0.1 

18.4 
18.8 

9.9 

8.9 

0.1 

18.9 

8.7 

10.0 

0.1 

18.8 

9.9 

8.8 

0.1 

18.8 

Aver 

..      8.7 

9.8 

0.2 

Aver.... 

9.9 
10.0 

8.9 
8.3 

0.1 

0 

18.3 

8.6 

10.2 

0.1 

18.9 

tio.o 

8.1 

0.3 

18.4 

8.5 

9.5 

0 

18.0 

tio.o 

8.1 

0.3 

18.4 

10.0 

8.7 

0.1 

18.8 

8.4 

10.4 

0.1 

18.9 

10.0 

8.7 

0.1 

18.8 

A  ver . . . . 

...     10.0 

8.4 

0.2 

8.3 

10.5 

0.1 

18.9 

tlO.l 

7.9 

0.4 

18.4 

8.2 

9.8 

0.4 

18.4 

tlO.l 

7.5 

0.5 

18.1 

8.2 

10.2 

0 

18.4 

110.1 

7.7 

0.4 

18.2 

8.2 

10.4 

0.2 

18.8 

Aver... 

...     10.1 

7.7 

0.4 

Aver... 

...       8.2 

10.1 

0.2 

EDW.    A.    UBHLING 
Six  Hour  Average  Samples 
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TABLE  7— Continued 
Arranged   According   to   CO2 


CO2 

0 

CO 

Total 

10.2 

8.6 

0.1 

18.9 

tlO.2 

7.8 

0.3 

18.3 

10.2 

8.2 

0 

18.4 

Aver... 

...     10.2 

8.2 

0.1 

10.3 

8.0 

0.2 

18.5 

10.3 

8.0 

0.2 

18.5 

Aver... 

...     10.3 

8.0 

0.2 

10.4 

8.1 

0.2 

18.7 

10.4 

8.2 

0.2 

18. 8 

10.4 

8.4 

0.1 

18,9 

Aver — 

...     10.4 

8.2 

0.2 

10.5 

8.0 

0.2 

18,7 

10.5 

7.8 

0.2 

18.5 

10.5 

8.3 

0.1 

18.9 

Aver  — 

...     10.5 

8.0 

0.2 

10.6 

8.0 

0.1 

18.7 

10.6 

7,7 

0.2 

18.5 

Aver.... 

...     10.6 

7.9 

0.2 

no. 7 

7.3 

0.3 

18.3 

tlO.7 

7.2 

0.4 

18.3 

Aver.... 

...     10.7 

7.3 

0.4 

tlO.8 

7.5 

0.3 

J8.6 

10.8 

8.0 

0.1 

18.9 

Aver .... 

...     10.8 

7.8 

0.2 

10.9 

7.5 

0.2 

18.6 

10.9 

7.2 

0.2 

18.3 

Aver.... 

..     10.9 

7.4 

0.2 

11.0 

.7.5 

0.1 

18.6 

tll.O 

7.1 

0.3 

18.4 

tll.O 

6.5 

0.5 

18.0 

tll.O 

6.5 

0.5 

18.0 

tll.O 

7.3 

0.3 

18.6 

11.0 

•7.9 

0 

18.9 

11.0 

7.4 

0.2 

18.6 

tll.O 

7.2 

0.3 

18.5 

tll.O 

7.2 

0.3 

18.5 

tll.O 

6.7 

0.4 

18.1 

tll.O 

7.0 

0.4 

18.4 

11.0 

7.4 

0.2 

18.6 

11.0 

7.8 

0.1 

18.9 

11.0 

7.6 

0.2 

18.8 

11.0 

7.6 

0.1 

18.7 

Aver.... 

..     11.0 

7.2 

0.3 

TABLE  8-Contlnued 
Arranged  According  to  O 

O  CO2  CO        Total 


8.1 

9.7 

0.4 

18.2 

8.1 

10.0 

0.3 

18.4 

8.1 

10.0 

0.3 

18.4 

8.1 

10.4 

0.2 

18.7 

8.1 

10.0 

0.3 

8.0 

10.3 

0,2 

18.5 

8.0 

10,3 

0.2 

18.5 

8,0 

10.5 

0.2 

18.7 

8,0 

10.6 

0.1 

18.7 

8,0 

10,8 

0,1 

18.9 

8,0 

10,5 

0.1 

7,9 

10.1 

0.4 

18.4 

7.9 

11.0 

0    ■ 

18.9 

7.9 

10.6 

0.2 

7.8 

10,2 

0.3 

18,3 

7.8 

10.5 

0.2 

18,5 

7.8 

11.0 

0.1 

18,9 

7.8 

10.6 

0,2 

7.7 

10.1 

0.4 

18.2 

7.7 

10.6 

0.2 

18.5 

7.7 

11.1 

0.1 

18.9 

7.7 

10.6 

0.2 

7.6 

11.0 

0.2 

18.8 

7.6 

11,0 

0.1 

18,7 

7.6 

11.0 

0.2 

7.5 

10.0 

0,5 

18.1 

7.5 

10,8 

0  3 

18.6 

7.5 

10,9 

0,2 

18.6 

7.5 

11.0 

0,1 

18.6 

7.5 

11.1 

0.1 

18.7 

7.5 

11.2 

0.2 

18.9 

7.5 

11.4 

0 

18.9 

7.5 

10.9 

0.2 

7.4 

11.0 

0.2 

18.6 

7.4 

11.0 

0.2 

18.6 

7.4 

11.4 

0.1 

18.9 

7.4 

11.1 

0.2 

7.3 

10.7 

0.3 

18.3 

7.3 

11.0 

0.3 

18.6 

7.3 

11.4 

0.2 

18.9 

7.3 

11.5 

0.1 

18.9 

7.3 

11.2 

0.2 
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Six  Houe  Average  Samples 


TABLE  7-Contlnued 
Abranqed  According  to  CO2 

CO.  O  CO        Total 


TABLE  2— Continued 
Arranged  According  to  O 

O  COs         CO  Total 


11.1 
tll.l 
tll.l 
11.1 
11.1 

11.2 
til. 2 
11.2 


11.3 
til. 3 
11.3 
til. 3 
Aver 11.3 

11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
11.4 
Aver 11.4 


til. 5 

11.5 

til. 5 

11.5 

t  11.5 

11.5 

t  11.6 

11.5 

11.5 

11.5 

H1.5 

til. 5 

til. 5 

til. 6 

11.5 

til. 5 

til. 5 

til. 5 

til. 5 

,     11.5 

11.6 

11.6 

til. 6 

,     11.6 


7.5  0.1 

7.2  0.3 
7.1  0.3 

7.7  0.1 

7.4  0.2 

7.5  0.2 

6.8  0.4 

7.3  0.3 


7.0 
6.7 
7.0 
6.9 
6.9 

7.4 
7.3 
7,1 
7.5 
6.9 
7.1 
7.2 
7.2 
7.1 
7.2 

6.7 
7.2 
6.5 
7.2 
6.6 
7.2 
6.3 
7.1 
7.3 
7.3 
6.2 
6.0 
6.1 
6.2 
7.2 
6.5 
6.1 
6.6 
6.3 
6  7 

7.1 
6.7 


0.1 
0.2 
0.1 
0  0 
0.2 
0.2 
0.1 
0.1 
0.2 
0.1 

0.3 
0.1 
0.3 
0.1 
0.3 
0.1 
0.4 
0.2 
0.1 
0.1 
0.4 
0.5 
0.7 
0.5 
0.1 
0.3 
0.5 
0.3 
0.5 
0.3 

0.1 
0.2 
0.3 
0.2 


18  6 
18.9 
18.5 
18.7 
18.7 
18.7 
18.7 


18.6 
18.8 
18.3 
18.8 
18.4 
8.8 
18.2 
18.8 
18  9 
18.9 
18.1 

lie 

18.3 
18.2 
18.8 
18.3 
18.1 
18.4 
18.3 


18.8 
18.5 
18.6 


7.2 

10.7 

0.4 

18 

.3 

7.2 

10.9 

0.2 

18 

.3 

7.2 

11.0 

0.3 

18 

.5 

7.2 

11.0 

0.3 

18 

.5 

7.2 

11.1 

0.2 

18 

.6 

7.2 

11.4 

0.1 

18 

.7 

7.2 

11.4 

0.1 

18 

.7 

7.2 

11.5 

0.1 

18 

.8 

7.2 

11.5 

0.1 

18 

.8 

7.2 

11.5 

0.1 

18 

.8 

7.2 

11.5 

0.1 

18 

.8 

r 7.2 

11.2 

0.2 

7.1 

11.0 

0.3 

18.4 

7.1 

11.1 

0.3 

18 

.5 

7.1 

11.4 

0.1 

18 

6 

7.1 

11.4 

0.2 

18 

.7 

7.1 

11.4 

0.2 

18 

7 

7.1 

11.5 

0.2 

18 

8 

7.1 

11.6 

0.1 

18 

8 

r 7.1 

11.3 

0.2 

7.0 

11.0 

0.4 

18.4 

7.0 

11.3 

0.2 

18 

5 

7.0 

11  3 

0.2 

18 

15 

7.0 

11.7 

0.1 

18 

8 

7.0 

11.8 

0.1 

18 

9 

7.0 

11.8 

0.1 

18 

9 

r 7.0 

11.5 

0.2 

6.9 

11.3 

0.3 

18.5 

6.9 

11.4 

0.2 

18.6 

6.9 

11.7 

0.2 

18.8 

6.9 

11.8 

0.2 

18.9 

6.9 

11.6 

0.2 

6.8 

11.2 

0.4 

18.4 

6.8 

12.0 

0.1 

18.9 

6.8 

11.6 

0.3 

6.7 

11.0 

0.4 

18.1 

6.7 

11.3 

0.3 

18. 

3 

6.7 

11.6 

0.3 

18. 

5 

6.7 

11.6 

0.2 

18. 

6 

6.7 

12.0 

0.1 

18. 

8 

6.7 

12.0 

0.1 

18. 

8 

6.7 

12.1 

0.1 

18. 

9 

6.7 

11.6 

0.2 
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Six  Hour  Average  Samples 


TABLE  7— Continued 
Arranged  According  to  CO2 
CO2  O  CO         Total 


TABLE  8— Continued 
Arranged  According  to  O 

O  CO2         CO         Total 


til. 7 

6.0 

0.4 

18. 

1 

6.6 

11.5 

0.3 

18. 

4 

11.7 

6.9 

0.2 

18.8 

6.6 

11.5 

0.3 

18. 

4 

til. 7 

6.3 

0.3 

18.3 

6.6 

11.6 

0.3 

18. 

5 

11.7 

7.0 

0.1 

18.8 

6.6 

12.0 

0.2 

18 

8 

til. 7 

6.4 

0.3 

18.4 

6.6 

12.0 

0.1 

18 

7 

Aver.... 

..     11.7 

6.5 

0.3 

6.6 
6.6 

12.0 
12.1 

0.1 
0.1 

18 
18 

7 
8 

Aver 

6.6 

11.8 

0  2 

11.8 

7.0 

0.1 

18.9 

til. 8 

5.4 

0.4 

17.6 

til. 8 

6.2 

0.3 

18.3 

6.5 

11.0 

0.5 

18.0 

til. 8 

5.9 

0.5 

18.2 

6.5 

11.0 

0.5 

18.0 

11.8 

6.9 

0.2 

18.9 

6.5 

11.5 

0.3 

18.3 

11.8 

7.0 

0.1 

18.9 

6.5 

11.5 

0.3 

18.3 

til. 8 

5.8 

0.5 

18.1 

6.5 

12.0 

0.2 

18.7 

Aver.  . . 

.      11.8 

6.3 

0.3 

18. 

6.5 
6.5 
6.5 

12.0 
12.1 
12.1 

0.2 
0.1 
0.3 

18.7 
18.7 
18.9 

til. 9 

6  2 

0  3 

18  4 

6.5 

12.2 

0.1 

18.8 

tll.9 

6  1 

0.3 

18.3 

6.5 

12.3 

0 

18.8 

til  9 

6.0 

0.4 

18.3 

Aver 

6.5 

11.8 

0.3 

Aver  ... 

...     11.9 

6.1 

0.3 

6.4 

11.7 

0.3 

18.4 

12.0 

6.5 

0.2 

18.7 

6.4 

12.0 

0.2 

18.6 

tl2.0 

5.7 

0.4 

18 

1 

6.4 

12.1 

0.2 

18.7 

tl2.0 

5.8 

0.4 

18 

2 

Aver 

6.4 

11.9 

0.2 

12.0 

6.7 

0.1 

18 

8 

12.0 

6.3 

0.2 

18 

5 

tl2.0 

6.3 

0.3 

18 

6 

tl2.0 

6.1 

0.3 

18 

4 

6.3 

11.5 

0.4 

18.2 

12.0 

6.8 

0.1 

18 

9 

6.3 

11.5 

0.5 

18.3 

12  0 

.6.6 

0.2 

18 

8 

6.3 

11.7 

0.3 

18.3 

12.0 

6.6 

0.1 

18 

7 

6.3 

12.0 

0.2 

18.5 

12.0 

6.7 

0.1 

18 

6.3 

12.0 

0.3 

18.6 

12.0 

6.6 

0.1 

18 

7 

Aver.... 

..      6.3 

11.7 

0.3 

tl2.0 

6.1 

0.3 

18 

4 

tl2.0 

6.2 

0.3 

18 

5 

12.0 

6.4 

0.2 

18 

6 

6.2 

11.5 

0.4 

18.1 

tl2,0 

5.8 

0.4 

18 

2 

6.2 

11.5 

0.5 

18 

12.0 

6.5 

0.2 

18 

7 

6.2 

11.8 

0.3 

18 

Aver. .. 

...     12.0 

6.3 

0.2 

6.2 
6.2 
6.2 

11.9 
12.0 
12.1 

0.3 
0.3 
0.3 

18 
18 
18 

12.1 

6.7 

0.1 

18.9 

6.2 

12.2 

0.2 

18 

tl2.1 

6.2 

0.3 

18 

6 

6.2 

12.3 

0.2 

18 

12.1 

6.4 

0.2 

18 

7 

6.2 

12.3 

0.2 

18 

tl2.1 

6.1 

0.4 

18 

6 

6.2 

12.3 

0.1 

18 

12.1 

6.6 

0.1 

18 

8 

6.2 

12.3 

0.2 

18 

12.1 

6.5 

0.1 

18 

7 

6.2 

12.4 

0.2 

18 

tl2.1 

6  5 

0.3 

18 

9 

6.2 

12.6 

0.1 

18 

Aver.. 

...     12.1 

6.4 

0.2 

Aver.... 

6.2 

12.1 

0.3 
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TABLE  7— Continvied 


TABLE  8— Continued 


Arranged  Aicording  to  CO2 


Arranged  According  to  O 


12.2 

6.2 

0.2 

18.6 

12.2 

6.5 

0.1 

18.8 

tl2.2 

6.1 

0.5 

18.8 

tl2.2 

6.1 

0.3 

18.6 

12.2 

5.8 

0 

18.0 

tl2.2 

5.6 

0.4 

18.2 

12.2 

6.1 

0.3 

tl2.3 

5.0 

0.7 

18.0 

tl2.3 

5.9 

0.3 

18.5 

12.3 

6.0 

0.3 

18.6 

12.3 

6.5 

0 

18.8 

12.3 

6.2 

0.2 

18.7 

tl2.3 

6.0 

0.3 

18.6 

tl2.3 

5.7 

0.3 

18.3 

12.3 

6.2 

0.2 

18.7 

12.3 

6.2 

0.1 

18.6 

12.3 

6.2 

0.2 

18.7 

' ''^ 

6.0 

0.3 

tl2.4 

5.2 

0.5 

18.1 

tl2.4 

5.5 

0.4 

18.3 

tl2.4 

5.5 

0.4 

18.3 

tl2.4 

5.4 

0.4 

18.2 

12.4 

6.2 

0.2 

18.8 

tl2.4 

5.6 

0.3 

18.3 

12.4 

5.6 

0.4 

tl2.5 

5.1 

0.4 

18.0 

tl2.5 

5.0 

0.6 

18.1 

12.5 

6.0 

0.2 

18.7 

tl2.5 

5.0 

0.7 

18.2 

12.5 

5.3 

0.5 

12.6 

6.2 

0.1 

18.9 

tl2.6 

5.2 

0.4 

18.2 

tl2.6 

5.2 

0.4 

18.2 

tl2.6 

6.0 

0.3 

18.9 

tl2.6 

5.7 

0.3 

18.6 

r 12.6 

5.7 

0.3 

tl2.7 

5.1 

0.4 

18.2 

12.7 

5.9 

0.1 

18.7 

tl2.7 

5.1 

0.4 

18.2 

12.7 

5.8 

0.2 

18.7 

tl2.7 

5.3 

0.4 

18.4 

12.7 

5.7 

0.2 

18.6 

tl2.7 

5.3 

0.3 

18.3 

r 12.7 

5.5 

0.3 

6.1 

11.5 

0.7 

18 

3 

6.1 

11.5 

0.5 

18 

1 

6.1 

11.9 

0.3 

18 

3 

6.1 

12.0 

0.3 

18 

4 

6.1 

12.0 

0.3 

18 

4 

6.1 

12.1 

0.4 

18 

6 

6.1 

12.2 

0.5 

18 

8 

6.1 

12.2 

0.3 

18 

6 

6.1 

13.0 

0 

19 

1 

6.1 

13.1 

0 

19 

2 

6.1 

13.5 

0 

19 

6 

6.1 

12.3 

0.3 

6.0 

11.5 

0.5 

18.0 

6.0 

11.7 

0.4 

18.1 

6.0 

11.9 

0.4 

18 

3 

6.0 

12.3 

0.3 

18 

6 

6.0 

12.3 

0.3 

18 

6 

6.0 

12.5 

0.2 

18 

7 

6.0 

12.6 

0.3 

18 

9 

6.0 

12.8 

0.1 

18 

9 

6.0 

12.2 

0.3 

5.9 

11.8 

0.5 

18.2 

5.9 

12.3 

0.3 

18.5 

5.9 

12.7 

0.1 

18,7 

5.9 

12.3 

0.3 

5.8 

11.8 

0.5 

18.1 

5.8 

12.0 

0.4 

18.2 

5.8 

12.0 

0.4 

18.2 

5.8 

12.2 

0 

18.0 

5.8 

12.7 

0.2 

18.7 

5.8 

12.8 

0.2 

18.8 

5.8 

12.9 

0.1 

18.1 

5.8 

12.3 

0.3 

5.7 

12.0 

0.4 

18.1 

5.7 

12.3 

0.3 

18.3 

5.7 

12.6 

0.3 

18.6 

5.7 

12.7 

0.2 

18.6 

5.7 

12.9 

0.2 

IS.S 

5.7 

12.5 

0.3 

5.6 

12.2 

0.4 

18.2 

5.6 

12.4 

0.3 

18.3 

5.6 

12.8 

0.3 

18.7 

5.6 

12.8 

0.3 

18.7 

5.6 

13.1 

0.1 

18.8 

5.6 

12.7 

0.3 

5.5 

12.4 

0.4 

18.3 

5.5 

12.4 

0.4 

18.3 

5.5 

13.0 

0.3 

18  8 

5.5 

12.0 

0.4 
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Six  Hour  Average  Samples 


TABLE  7— Continued 


TABLE  8— Continued 


Arranged  According  to  COj 


CO2 


Arranged  According  to  O 

O  CO2         CO  Total 


tl2.8 

5.6 

0.3 

J8.7 

tl2.8 

5.3 

0.3 

18.4 

12.8 

5.8 

0.2 

18.8 

tl2.8 

5.1 

0.4 

18.3 

tl2.8 

5.4 

0.3 

18.5 

12. s 

6.0 

0.1 

18.9 

tl2.8 

5.6 

0.3 

18.7 

tl2.8 

4.6 

0.6 

18.0 

r 12.8 

5.4 

0.3 

12.9 

5.8 

0.1 

18.8 

12.9 

5.7 

0.2 

18.8 

■ 12.9 

5.8 

0.2 

13.0 

5.4 

0.2 

18.6 

tl3.0 

5.4 

0.3 

18.7 

tis.o 

5.2 

0.3 

18.5 

tl3.0 

5.1 

0.4 

18.5 

tl3.0 

5.1 

0.4 

18.5 

tl3.0 

5.5 

0.3 

18.8 

13.0 

5.4 

0.2 

18.6 

• 13.0 

5.3 
4.9 

0.3 
0.2 

13.1 

18.2 

13.1 

6.4 

0.1 

18.6 

13.1 

5.6 

0.1 

18.8 

tl3.1 

4.7 

0.5 

18.3 

tl3.1 

5.0 

0.4 

18.5 

• 13.1 

5.1 

0.2 

tl3.2 

4.0 

0.8 

18.0 

tl3.2 

5.0 

0.3 

18.5 

tl3.2 

4.5 

0.5 

18.2 

■ 13.2 

4.5 

0.5 

tl3.3 

5.0 

0.3 

18.6 

tl3.3 

4.7 

0.4 

18.4 

13.3 

5.3 

0.2 

18.8 

tl3.3 

4.9 

0.3 

18.5 

• 13.3 

5.0 

0.3 

tl3.5 

4.2 

0.4 

18.1 

tl3.6 

4.8 

0.3 

18.6 

tl3.5 

4.9 

0.3 

18.7 

■ 13.5 

4.6 

0.3 

tl3.6 

4.2 

0.4 

18.2 

tl3.6 

4.6 

0.5 

18.7 

tl3.6 

4.6 

0.3 

18.5 

tl3.6 

4.6 

0.3 

18.5 

• 13.6 

4.5 

0.4 

5.4 

11.8 

0.4 

17.6 

5.4 

12.4 

0.4 

18.2 

5.4 

12.8 

0.3 

18.5 

5.4 

13.0 

0.2 

18.6 

5.4 

13.0 

0.3 

18.7 

5.4 

13.1 

0.1 

18.6 

5.4 

12.7 

0.3 

5.3 

12.7 

0.4 

18.4 

5.3 

12.7 

0.3 

18.3 

5.3 

12.8 

0.3 

18.4 

5.3 

13.3 

0.2 

18.8 

5.3 

12.9 

0.3 

5.2 

12.4 

0.5 

18.1 

5.2 

12.6 

0.4 

18.2 

5.2 

12.6 

0.4 

18.2 

5.2 

13.0 

0  3 

18.5 

5.2 

13.4 

0.1 

18.7 

5.2 

12.8 

0.3 

5.1 

12.5 

0.4 

18.0 

5.1 

12.7 

0.4 

18.2 

5.1 

12.7 

0.4 

18.2 

5.1 

12.8 

0.4 

18.4 

5.1 

13.0 

0.4 

18.5 

5.1 

13.0 

0.4 

18.5 

5.1 

12.8 

0.4 

5.0 

12.3 

0.7 

18.0 

5.0 

12.5 

0.6 

18.1 

5.0 

12.5 

0.7 

18.2 

5.0 

13.1 

0.4 

18.5 

5.0 

13.2 

0.3 

18.5 

5.0 

13.3 

0.3 

18.6 

5.0 

12.8 

0.5 

4.9 

13.1 

0.2 

18.2 

4.9 

13.3 

0.3 

18.5 

4.9 

13.5 

0.3 

18.7 

4.9 

13.8 

0.1 

18.8 

4.9 

13.8 

0.2 

18.9 

4.9 

13.9 

0.1 

18.9 

4.9 

13.6 

0.2 

4.7 

13.1 

0.5 

18.3 

4  7 

13  3 

n.4 

18.4 

4.7 

13.2 

0.5 

2066  COMBUSTION   AND   BOILER   EFFICIENCY 

Six  Hour  Average  Samples 


TABLE  7— Continued 
Abranged  According  to  COj 
COj  O  CO         Total 


TABLE  8— Continued 
Arranged  According  to  O 

O  CO2         CO         Total 


tl3.7 

4.3 

0.3 

18.3 

4.6 

12.8 

0.6 

18.0 

tl3.7 

4.3 

0.4 

18.4 

4.6 

13.6 

0.5 

18.7 

tl3.7 

4.3 

0.4 

18.4 

4.6 

13.6 

0.3 

18.5 

13.7 

4.3 

0.4 

Aver 

4.6 
..      4.6 

13.6 
13.4 

0.3 
0.4 

18.5 

13.8 

4.9 

0.1 

18.8 

4.5 

13.2 

0.5 

18.2 

13.8 

4.9 

0.2 

18.9 

4.5 

13.8 

0.3 

18.6 

113.8 

4.6 

0.3 

18.6 

Aver 

..      4.5 

13.5 

0.4 

13.8 

4.7 

0.2 

4.3 
4.3 

13.7 
13.7 

0.4 
0.4 

18.3 
18.4 

13.9 

4.9 

0.1 

18.9 

Aver 

Aver 

4.3 
..      4.3 

4.2 
4.2 
4.2 

13.7 
13.7 

13.5 
13.6 
13.6 

0.3 

0.4 

0.4 
0.4 
0.4 

18.4 

18.1 
18.2 

Orsat  Readings 


TABLE  9 

TABLE 

10 

Arranged  Accord 

ngto 

COi 

Arranged  According  to 

0 

CO2 

0 

CO 

Total 

0 

CO2 

CO 

Total 

9.8 

8.0 

0.3 

18.1 

9.9 

10.0 

0 

19.9 

10.0 

9.9 

0 

19  9 

9.7 

10.2 

0 

19.9 

10.2 

9.7 

0 

19.9 

9.0 

11.0 

0 

20.0 

11.0 

8.3 

0 

19.3 

8.3 

11.0 

0 

19.3 

11.0 

9.0 

0 

20.0 

11.0 

8.7 

0 

19.7 

8  0 

11.4 

0 

19  4 

8.0 

9.8 

0.3 

18.1 

11.4 

8.0 

0 

19.4             ^-^ '■' 

10  6 

0.2 

18.8 

11.6 

6.1 

0.3 

17.9 

7.8 

11,6 

0 

19.4 

11.6 

7.8 

0 

19.4 

7.S 

12  0 

0 

19.3 

11.8 

6.5 

0.2 

18.5 

7.1 

12.5 

0 

19.6 
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Orsat  Readings 


TABLE  9— Contiaued 
Arranged  AccoRDI^fa  to  CO2 

CO2  O  CO         Total 


12.0 

7.3 

0 

19.3 

12.0 

7.0 

0 

19.0 

.ver 

...    12.0 

7.2 

0 

19.2 

12.3 

6.1 

0.2 

18.6 

12.3 

6.7 

0 

19.0 

,ver 

...    12.3 

6.4 

0.1 

18.8 

TABLE  10— Continued 
Arranged  According  to  O 


O 

7.0 

6.8 

6.7 
6.7 
6.7 


CO2 

12.0 

13.2 

13.0 
12.3 
12.7 


CO 

0 


Total 

19.0 

20.0 

19.7 
19.0 
19.4 


12.8 
11.8 


19.4 
18.5 


ATer. 


13.0 
13.0 
13.0 

13.2 
13.2 
13.2 
13.2 


13.5 
13.5 
13.5 
13.5 
13.5 
,     13.5 

13.6 

13.6 

13.6 

.     13.6 

13.7 

13.8 

13.8 

13.8 

.     13.8 

t*14.0 
14.0 
14.0 
14.0 

.     14.0 

14.1 

14.1 

14.1 

.     14.1 


6.8 
6.0 


5.5 
5.3 
5.0 
6.2 
5.7 

5.8 
4.4 
6.3 
5.5 


6.0 
6.0 
6.3 
6.1 

2.1 
4.3 
6.0 
5.1 
4.4 

5.9 
5.4 
4.9 
5.4 


0 
0.1 
0.1 


0.2 
0 
0 


0 
0 
0 
0.2 
0 


0 
0.3 

0 
0.1 


0 
0 
0 
0 

1.1 

0.2 

0 

0 

0.3 

0 
0 
0 
0 


19.7 
18.6 
19.2 

18.4 
19.4 
20.0 
19.3 


19.8 
19.0 
18.8 
18.7 
19.7 
19.2 


19.9 
19.2 


19.8 
19.8 
20.1 
19.g 

17.2 
18.5 
20.0 
19.1 
18.7 

20.0 
19.5 
19.0 
19.5 


6.3 

6.3 

6.3 

•■Vver 6.3 

6.2 

6.2 

Aver 6.2 

6.1 

6.1 

Aver 6.1 

6.0 

6.0 

6.0 

Aver 6.0 

5.9 

5.8 

5.8 

Aver 5.8 

5.5 

5.5 

Aver 5.5 

5.4 

5.4 

Aver 5.4 

5.3 

5.3 

5.3 

Aver 5.3 


13.7 
12.7 
13.8 
13.6 
13.5 
13.5 

13.2 
13.5 
13.4 

12.3 
11.5 
11.9 

13.8 
14.0 
13.8 
13.9 


13.4 
13.6 
13.5 


14.1 
14.4 
14.3 

13.5 
14.2 
14.3 
14.0 


0 
0 
0 
0 
0 
0 

0 
0 
0 

0.2 
0.3 
0.3 

0 
0 
0 
0 

0 

0 
0 
0 


13.0         0.1 
13.5  0 

13.3  0.1 


20.0 
19.0 
20.1 
19.9 
19.8 
19.8 

19.4 
19.7 
19.6 

18.6 
17.9 
18.3 

19.8 
20.0 
19.8 
19.9 

20.0 

19.2 
19.4 


18.6 
19.0 
18.8 

19.5 
19.8 
19.7 


19.5 
19.6 
19.3 
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Oksat  Headings 


TABLE  y— Coatinued 
Arranged  According  to  CO2 

CO2  O  CO  Total 


TABLE  10— Continued 
Arranged  According  to  O 


0 

CO2 

CO 

Totiil 

t*14.2 

2.8 

0.7 

17.7 

14,2 

5.3 

0 

19.5 

5.1 

14.4 

0 

19  5 

Aver... 

....     14.2 

4.1 

0.3 

18.6 

5.1 
5.1 

14.5 
14.0 

0 
0 

19.6 
19  1 

14  3 

5.3 

0 

19.6 

5.1 

14.5 

0 

19.6 

t'14  3 

2.1 

0.8 

17.2 

Aver 

5.1 

14.4 

0 

19.5 

A  ver . . . 

....     14.3 

3.7 

0.4 

18.4 

5.0 

13.5 

0.2 

18.7 

14.4 
14.4 

4  1 
4.2 

0.2 
0.1 

18.7 
18.7 

Aver 

5.0 
..       5.0 

13.2 
13.4 

0.2 
0.2 

18.4 
18.6 

t*14.4 
14.4 

2  6 
5.4 

0.5 
0 

17.5 
19.8 

4.9 

14.1 

0 

19.0 

t*14.4 

3.4 

0.5 

18.3 

4.7 

15.1 

0 

19.8 

Ji 

14.4 

5.1 

0 

19.5 

Aver... 

....     14.4 

4.1 

■   0.2 

18.8 

4.4 
4.4 

13.6 

14.8 

0.3 
0 

18  3 

19  2 

14.5 

5.1 

0 

19.6 

4.4 

14.8 

0 

19  2 

14.5 

5.1 

0 

19.6 

Aver 

..       4.4 

14.4 

0.1 

18.9 

fl4.5 

2.0 

0.7 

17.2 

14.5 

4.3 

0.1 

18.9 

4.3 

14.5 

0.1 

18  9 

14.5 

2.0 

1.0 

17.5 

4.3 

15.5 

0 

19.8 

Aver... 

....     14.5 

3.7 

0.4 

18.6 

4.3 

14.0 

0.2 

18.5 

Aver 

..       4.3 

14.7 

0.1 

19.1 

14.6 

t*14.6 

14.6 

14.6 

2.3 
3.0 
2.0 
1.7 

0.9 
0.5 
1.0 
0.8 

17.8 
18.1 
17.6 
17.1 

Aver 

4.2 

4.2 

..       4.2 

15.3 
14.4 
14  9 

0 

0.1 

0 

19.5 
18,7 
19,1 

Aver  ... 

...     14.6 

2.3 

0.8 

17.7 

4.1 

4.1 

15.0 
14.4 

0 
0.2 

19.1 
18,7 

t*14,7 

1.6 

0.9 

17.2 

Aver 

..       4.1 

14.7 

0.1 

18,9 

t*14.7 

2.0 

0.6 

17.3 

t*14.7 

1.6 

0.9 

17.2 

4.0 

15.5 

0 

19,5 

t»14.7 

2.7 

0.7 

18.1 

4.0 

14.7 

0.1 

18, S 

14.7 

4.0 

0.1 

18.8 

4.0 

15.5 

0 

19,- 

Aver..., 

....     14.7 

2.4 

0.6 

17.7 

Aver 

..       4.0 

15.2 

0 

19  3 

ri4.8 

14.8 

fl4.8 

2.9 
3.1 

0.5 
0.3 
1.1 

18.2 
18.2 
17.1 

Aver 

3  8 

3.8 

..       3.8 

15.0 
15  2 
15.1 

0 
0 
0 

18.8 
19  0 
18,9 

Aver..., 

14.8 

14.8 

....     14.8 

4.4 
4.4 
3.2 

0 

0 

0.4 

19.2 
19.2 
18.4 

Aver 

3.7 

3.7 

..       3.7 

16.3 
15.8 
16.1 

0 
0 
0 

20  0 
19,5 

19,8 

t*15.0 

2.2 

0.6 

17.8 

3.6 

15.5 

0 

19.1 

t*15.0 

2.2 

0.5 

17.7 

15.0 

3.3 

0.2 

18.5 

3.5 

16.0 

0 

19.5 

15.0 

3.0 

0.3 

18.3 

3.5 
3.5 

16.1 
15.4 

0 
0 

19.6 
18.0 

Continued  on  nci 

it  page 

Aver 

..       3.5 

15.8 

0 

19  3 
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2()(U) 


Orsat  Readings 


TABLE  9— Conti 

nued 

TABLE  10— Continued 

Arranged 

According  to 

CO2 

Arranqee 

)  Accord 

ING  TO  0 

CO2 

0 

CO 

Total 

0 

C02 

CO 

Tola 

Continued 

3.4 
3.3 

14,4 
15.9 

0.5 

0 

18.5 
19.2 

t*15.0 

1.3 

0.8 

17.1 

3.3 

15.0 

0.2 

18.0 

15.0 

4.1 

0 

19.1 

Aver . . . 

,,..       3.3 

15.5 

0,1 

18.9 

t*15.0 

1.8 

0.9 

17,7 

3.2 

10  0 

{) 

19  2 

t*15.0 

2.2 

0.8 

18.0 

15.0 

3.5 

0.2 

18.7 

3.1 

16,3 

0 

19  4 

t*15.0 

1.8 

0.5 

17.3 

3,1 

14.8 

0.3 

18,2 

t*15.0 

1.2 

0.8 

17.0 

A  ver . . . 

,,,.       3,1 

15,6 

0.2 

18  8 

t*15.0 

2.2 

0.5 

17.7 

t*15.0 

1.8 

0.6 

17.4 

3,0 

15,0 

0.3 

18  3 

15.0 

3.8 

0 

18.8 

3,0 

15,8 

0,8 

18  8 

Aver.. 

15.0 

2.6 

0.5 

17.9 

3.0 
3.0 

15,5 
14,6 

0,2 
0,5 

18.7 
18,1 

Aver... 

....       3,0 

15.2 

0  3 

18  0 

15.1 

4.7 

0 

18.9 

t*15.1 

2.4 

0.5 

18.0 

2,9 

15  4 

0.3 

18  fi 

15,1 

4.2 

0 

19.3 

2.9 

14.8 

0  0 

18  2 

15.1 

2,4 

0.5 

18,0 

Aver. . , 

,...       2,9 

15  1 

0.4 

18,4 

Aver. . 

15.1 

3.5 

0.3 

18,8 

2.8 

14,2 

0,7 

17.7 

t*15.2 

2.1 

0.5 

17.8 

t*15  2 

2.5 

0.4 

18.1 

2.7 

14,7 

0,7 

18.1 

16.2 

3,8 

0 

19,0 

Aver.. 

15.2 

2,8 

0.3 

18,3 

2.6 
2.6 

15.6 
14,4 

0,3 
0.5 

18  0 

17  0 

2,6 

16,5 

0 

19   1 

t*15.2 

2,4 

0.4 

18,1 

Aver... 

....       2,6 

15,5 

0.3 

18,4 

t*15.3 

1,7 

0.0 

17,6 

t*13.3 

1,6 

0.5 

17,4 

2.5 

16.0 

0 

19  1 

15.3 

4,2 

0 

19,5 

2.5 

15,2 

0,4 

18.1 

Aver.. 

15.3 

2.5 

0.4 

18.2 

Aver... 

....       2.5 

15.9 

0,2 

18  0 

2.4 

15.1 

0.5 

18.0 

15.4 

3.5 

0 

18.9 

2.4 

15.1 

0.4 

18.0 

t*15.4 

2.2 

0.5 

18.1 

2.4 

15.3 

0.4 

18.1 

15.4 

2.9 

0.3 

18.6 

Aver... 

2.4 

16.2 

0.5 

18,0 

Aver.. 

15.4 

2.9 

0.3 

18.5 

2.3 

15.7 

0.3 

18,3 

2.3 

14.6 

0.9 

17,8 

15.5 

4.0 

0 

19.5 

Aver... 

2.3 

15.2 

0.6 

18,1 

15.5 

4.3 

0 

19.8 

15.5 

3.0 

0.2 

18.7 

2.2 

15.0 

0.6 

17.8 

15.5 

4.0 

0 

19.5 

2.2 

15.0 

0.8 

18.0 

t*15.5 

1.0 

0,8 

17.3 

2.2 

15.4 

0.5 

18.1 

15.5 

3.6 

0 

19.1 

2.2 

15.0 

0.5 

17.7 

Aver.. 

15.5 

3.3 

0,2 

19.0 

2.2 

15.0 

0.5 

17.7 

Aver... 

....      2.2 

15.1 

0.6 

17.9 

t*15.6 

2.1 

0.5 

18.2 

2.1 

15.2 

0.5 

17.8 

15.6 

2.6 

0.3 

18.5 

2.1 

14.0 

1.1 

17.2 

fl5.6 

1.9 

0.4 

17.9 

2.1 

14.3 

0.8 

17.2 

t*15.6 

1.4 

0.5 

17.5 

2.1 

15.6 

0.5 

18.2 

Aver.. 

15.6 

2.0 

0.4 

18.0 

Aver... 

....      2.1 

14.8 

0.7 

17.6 
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Orsat  Readings 


TABLE  9— Continued 
Abranqed  According  to  COj 
CDs  O  CO  Total 


TABLE  10— Continued 


Arranged  Accordino  to  O 


CO2 


15.7  2.3         0.3  18.3 

15.7  2.0         0.3  18.0 

Aver 15.7  2.2         0.3  18.2 


t*15. 

15. 

15. 

.     15. 


1.0  0.5  17.4 

3.7  06  19.5 

3.0  0  18.8 

2.6  0.2  18.6 


2.0 

16.2 

0.2 

18.4 

2.0 

1.0 

17.6 

2.0 

0.6 

17.3 

2.0 

1.0 

17.5 

2.0 

0.7 

17.2 

2.0 

0.3 

18.0 

2.0 

15.0 

0.6 

17.7 

1.8 

15  0 

0.5 

17.3 

15.9 

3.3 

0 

19.2 

1.8 
1.8 

15.0 
15.0 

0  6 
0.9 

17,4 

17.7 

16.0 
16.0 

3.5 
3.2 

0 
0 

19.5 
19.2 

Aver 

1.8 
1.8 

16.5 
15.4 

0.2 
0.6 

18.5 
17.7 

Aver... 

t*16.0 

t*16.0 

...     16.0 

1.1 
1.5 
2.3 

0.8 
0.4 
0.3 

17.9 
17.9 
18.6 

Aver 

15.3 
14.6 
15.0 

0.6 
0.8 
0.7 

17.6 
17.1 
17.4 

16.1 

3.5 

0 

19.6 

16.4 
14.7 

0.2 
0.9 

18.2 
17.2 

16.2 

2.0 

0.2 

18.4 

15.3 
14.7 

0.5 
0.9 

17.4 
17.2 

Aver 

15.3 

0.6 

17.5 

16.3 

3.7 

0 

20.0 

16.3 

3  1 

0 

19.4 

16.0 

0.4 

17.9 

Aver... 

...     16.3 

3.4 

0 

19.7 

15.6 

0.5 

17.5 

16.4 

1.3 

0.3 

18.0 

15.0 

0.8 

17.1 

16.4 

1.6 

0.2 

18.2 

16.4 

0.3 

18.0 

Aver.. . 

...     16.4 

1.5 

0.2 

18.1 

Aver 

15.7 

0.6 

17.6 

16.5 

0.4 

18.1 

fl6.5 

1.2 

0.4 

18.1 

15.0 

0.8 

17.0 

16.5 

1.8 

0.2 

18.5 

14.8 

1.1 

17.1 

16.5 

2.6 

0 

19.1 

Aver 

15.4 

0.8 

17.4 

Aver. . . 

16.5 

1.9 

0.2 

18.6 

16.0 

0.8 

17.9 

16.6 

2.5 

0 

19.1 

1.0 

15.8 
15.5 

0.6 
0.8 

17.4 
17.3 

Aver 

.   ..1.0 

15.7 

0.7 

17.4 

APPENDIX  NO.  2 

CALCULATION  OF  HEAT  CARRIED  OFF  BY  THE  FLUE  GAS 

NOTATION 

A       =  weight  of  air  consumed  in  burning  a  weight  of  fuel  containing  1  lb. 

of  carbon 
Ao      =  theoretical  weight  of  air  required  to  burn  1  lb.  of  carbon 
Ah     =  theoretical  weight  of  air  required  to  burn  1  lb.  of  hydrogen 
Ae      =  weight  of  air  in  excess  of  that  theoretically  required  to  burn  a  weight 

of  fuel  containing  1  lb.  of  carbon 
Fc      =  weight  of  fixed  carbon  per  lb.  of  fuel 
Vc      =  weight  of  volatile  combustible  per  lb.  of  fuel 

Vc 

R       =  -—  =  ratio  of  volatile  combustible  to  fixed  carbon  in  fuel 

H  A-  C  H 

R'      = — ^ — -  =  ratio  of  the  volatile  combustible  to  the  total  carbon  in 

liquid  or  gaseous  fuel 

Hg,     =  H  —    _    =  weight  of  available  hydrogen  in  fuel  per  lb.  of  carbon 

8 

0       =  weight  of  oxygen  in  fuel  per  lb.  of  carbon 

W^h     =  ^  +  o     ~  weight  of  water  of  hydration  in  fuel  per  lb.  of  carbon 

8 

Wja  =  weight  of  water  (moisture)  in  fuel  per  lb.  of  carbon 

Pa  =  percentage  of  moisture  contained  in  air 

P  =  percentage  of  CO2  contained  in  flue  gas 

Pc  =  percentage  of  CO  contained  in  flue  gas 

Pvc  =  percentage  of  volatile  combustible  contained  in  flue  gas,  i.e.,  H  and 

CxHy 

P&      =  percentage  of  excess  of  air 

L         =  B.t.u.  loss  due  to  sensible  heat  in  flue  gas  per  lb.  of  carbon  in  fuel 

when  burned  with  dry  air 
Le       =  B.t.u.  loss  due  to  fuel  value  of  CO  in  flue  gas  per  lb.  of  carbon  in  fuel 

when  burned  with  dry  air 
Lvc     =  B.t.u.  loss  due  to  fuel  value  of  (H  +  C^Hy)  in  flue  gas  per  lb.  of  carbon 

in  fuel  when  burned  with  dry  air 
Lv       =  B.t.u.  loss  due  to  moistureth  air  per  lb.  of  carbon 
Lm      =  B.t.u.  loss  due  to  moisture  in  fuel  per  lb.  of  carbon 
Lli       =  B.t.u.  loss  due  to  hydrated  moisture  in  fuel 
Lt       =  B.t.u.  loss  due  to  all  of  the  above  losses  per  lb.  of  carbon  in  fuel  burned 
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T  =  temperature  of  flue  gas  on  leaving  boiler 

t  =  temperature  of  air  in  boiler  house 

S  =  specific  heat  of  dry  flue  gas 

Sy,  =  specific  heat  of  water  vapor 


air  contains 

by  weight 

by  volur 

Oxygen  (O2) 

23% 

21% 

Nitrogen  (N2) 

77% 

79% 

Weights  (lb.)  per  cu.  ft. 

at  62  deg.fahr.  Specific  Heats  {S) 

Dry  air 0.0761  Air 0.237 

N2 0.0738  N2 0.244 

CO 0.0735  O2 0.217 

CO2 0.1159  CO2 0.217 

H2O. 0.0472  CO 0.247 

Average 0.23 

Specific  heat  (-Sw)  of  H2O  =     0.48 
Atomic  weight  of  H  =     1 

Atomic  weight  of  C  =12 

Atomic  weight  of  O  =16 


COMPLETE  COMBUSTION  WITH  THEORETICAL  AMOUNT  OF  AIR 

47  One  pound  of  carbon  theoretically  requires  11.6  lb.  or  152  cu.  ft.  of  air 
for  complete  combustion,  forming  12.6  lb.  of  combustion  product.  Accord- 
ing to  Avogadro's  law  a  molecule  of  CO2  occupies  the  same  space  as  a  mole- 
cule of  O2,  hence  the  combustion  product  consists  of  21%  CO2  and  79%  N2 
by  volume.  Thus,  when  burning  carbon  with  its  theoretically  required  volume 
of  air  P  =  21%,  which  is  the  maximum  amount  obtainable,  and  the  heat  carried 
off  by  the  combustion  products  will  be  the  minimum,  viz :  (Ac  +  1)  X  (T  —  t)  S. 
Since  Ac  =  11.6  per  lb.  of  carbon  we  have 

L  =  12.6  (T-t)  S [la] 

Substituting  the  value  of  S  and  reducing  ,we  have 

L  =  2.9  (T-t) [1] 


COMPLETE  COMBUSTION  OF  CARBON   WITH  AN  EXCESS  OF  AIR 

48    When  carbon  is  burned  with  an  excess  of  air  (Ae),  which  by  volume 
equals  cu.  ft.,  then 

21  X  152 


152-1-     ^' 


0.0761 
from  which  we  get  Ae  = ^     '  -  -  11. G.     The  total  weight  of  air 
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A  =  Ac  +  Aq.    Substituting  the  values  of  Ac  and  Ae,  we  have 

21X11.6 

L'=  (1  +  A)  X  (T-t)  S [2a] 

Substituting  the  values  for  A  and  S  and  reducing  to  the  lowest  terms  we  have 

L' =  (^0.23  +  ^^  )  X  (T-t) [2] 

The  percentage  of  excess  of  air  for  carbon  will  be 

Ae  X  100 

Pe  = •     Substituting    the    values    of 

2100 
A  and  Ae  and  reducing,   we  have  Pe  =  -^ 100. 


INCOMPLETE    COMBUSTION    OF    CARBON 

49  If  combustion  is  incomplete,  i.e.,  if  some  of  the  carbon  passes  off  with 
the  combustion  product  as  CO,  an  additional  loss  is  sustained.  Since  a  pound 
of  carbon  burned  to  CO  develops  only  4350  B.t.u.  instead  of  14,500  when  burned 
to  CO2,  we  have  a  loss  of  14,500  -  4350  =  10,150  B.t.u.  for  every  pound  of 
carbon  which  passes  off  as  CO. 

50  The  burning  of  carbon  to  CO  requires  only  one-half  the  weight  of  air 
required  for  CO2;  the  presence  of  CO  in  the  flue  gas  must,  therefore,  tend  to 
make  the  value  of  A  too  great;  but  since  Pc  is  always  relatively  very  small, 
the  presence  of  CO  will  not  appreciably  affect  the  value  of  L. 


LOSS    DUE    TO    CO    IN    FLUE    GAS 

51  When  the  percentage  of  CO  (Pc)  is  known,  the  heat  loss  due  to  its  pres- 
ence (Lc)  is  easily  determined.  The  weight  of  carbon  in  a  molecule  of  CO  is 
the  same  as  in  a  molecule  of  CO2  and  it  follows  from  Avogadro's  law  that  the 
weight  of  carbon  burned  to  CO  is  to  that  burned  to  CO2  as  the  per  cent  of  CO 
is  to  the  per  cent  of  CO2  contained  in  the  combustion  product.    Thus,  letting 

X  P 

X  =  the  weight  of  carbon  burned  to  CO,  we  have —  =  —  from  which  we 

p 

get  X  =  — —  =  carbon  burned  to  CO  per  unit  of  carbon  contained  in  the 

P  +  Pc 
fuel.    Since  CO  burned  to  CO2  per  unit  of  carbon  develops  10,150  B.t.u.,  we 
p 

have  Lc  =  10,150 .     For  the  total  loss  when  dry  carbon  is  burned  with 

P  +  Pc 

dry  air,  we  have  Lt  =  L'  -\-  Lq [3o] 

Substituting  the  values  of  L'  and  Lc,  we  have 

P.. 

{T  -  I)  +  10,150 


56\ 
0.23+ -JX 


/'   +    /'c 
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EFFECT  OF  MOISTURE  IN  FUEL  AND  AIR 

52  Thus  far  we  have  considered  both  fuel  and  air  to  be  dry,  a  condition 
which  never  exists  in  practice.  The  humidity  in  the  air  may  vary  from  a  frac- 
tion of  one  per  cent  to  several  per  cent  and  commercial  fuel  is  never  dry. 
Coke  or  charcoal,  as  well  as  mineral  coal,  may  contain  10%  or  more  of  moisture. 

53  Atmospheric  moisture  exerts  a  chilling  effect  on  the  fire  because  of  its 
high  specific  heat  and  because  at  least  part  of  it  will  be  decomposed.  But 
since  under  normal  conditions  the  hydrogen  which  was  set  free  by  decomposi- 
tion will  reunite  with  the  oxygen  from  the  air  in  the  combustion  chamber  and 
will  evolve  as  much  heat  there  as  was  absorbed  in  the  fuel  bed  in  setting  it 
free,  there  results  no  heat  loss  due  to  this  double  reaction.  It  will  be  neces- 
sary, therefore,  to  consider  only  the  sensible  heat  carried  off  by  moisture 
contained  in  the  air,  hence 

Substituting  the  values  of  A  and  Sv  and  reducing  to  lowest  terms,  we  have 

54  Moisture  in  fuel  (Wm)  exists  in  the  form  of  water  which  must  first  be 
heated  to  212  deg.  and  then  evaporated,  the  vapor  passing  off  at  the  tem- 
perature of  the  flue  gas.  Since  the  latent  heat  of  evaporation  is  966  B.t.u. 
and  the  specific  heat  of  water  vapor  is  0.48,  we  have  Lm  =  (212  —  t  +  966)  M 
+  (r  —  212)  0.48  M.  Hence,  when  burning  wet  fuel  with  natural  air,  we  get 
for  the  total  loss 

Lt  =  L'  +  Lo  +  Ly  +Lm [4a] 

Substituting  values  and  reducing  to  lowest  terms,  we  get 

^    (56  +  1.17  Pa)  X  (T  -  t)       10,150  Pc 
P  ^     P+Pc 

+  0.23  X[(T  -t)  +  110  -  t+^ST  +  966]  M [4] 


CALCULATION    OF    HEAT    LOST    IN     THE     FLUE    GAS    WHEN    HYDROGEN 
FORMS    AN    APPRECIABLE    PART    OF    THE    FUEL 

55  In  the  chemical  reaction  which  constitutes  the  combustion  of  hydro- 
gen, 8  lb.  of  oxygen  and  1  lb.  of  hydrogen  unite  to  form  9  lb.  of  water  vapor. 
This  requires  34.8  lb.  or  457  cu.  ft.  of  air  and  results  in  35.78  lb.  of  combustion 
product.  In  commercial  flue-gas  analysis  no  account  is  taken  of  the  mois- 
ture, hence  nitrogen  only  is  determined  in  the  combustion  jjroduct  from  hydro- 
gen. The  burning  of  1  lb.  of  hydrogen  with  the  theoretically  required  volume 
of  air  therefore  results  in  361  cu.  ft.  of  nitrogen. 
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56  If  the  fuel  consists  of  carbon  and  hydrogen  and  is  burned  with  the 

152  C  X  21 
theoretically  required  air,  we  have  P  =  .    Placing  C  =  1  and 

152  C  +  361  jF/a 

11.6  X  21 
reducing  volume  to  weight,   F  =  —--— —  .    If  there  is  excess  air,  we  have 

11.6  +  26.7  Hg, 

11.6  X  21  11.6  X  21 

^  =  ii:^i:^^:7^.TTe'  '^°"  "^"^  "^  ^^'  ^^  =  -^ ''•' 

11  6  X  21 
-  26.7  i/a  and  A  =  ^c  +  ^h  +  ^e  =    -^— +  8.1  H^.      L"  =   (A  +  l) 

X  {T  -  t)  S  +  9Ha{T  -t)  <Sw.  Substituting  for  A,  A^,  S  and  Sw  their  values 
and  reducing  to  lowest  terms  we  have 

L"  =  (0.23  +  ^  +  6.2  H2)  X  {T  -  t) 

57  This  formula  will  give  correct  results  for  anhydrous  fuel  containing 
hydrogen  when  burned  with  dry  air,  assuming  complete  combustion.  When 
burning  pure  carbon  fuel  (coke  or  charcoal),  CO  is  the  only  fuel  constituent 
contained  in  the  combustion  product,  but  as  soon  as  the  fuel  contains  an 
appreciable  amount  of  volatile  combustible,  both  hydrogen  and  hydrocar- 
bons may  appear  in  the  fuel  gas.  The  loss  equation  when  burning  dry  hydro- 
carbon fuel  with  natural  air  becomes 

Lt  =  L"+Ly  +  Lc  +  L^o [5a] 

The  last  term  of  this  equation  will  increase  in  importance  with  the  volatile 
combustible  (Fc)  in  the  fuel.  It  will  be  zero  with  coke  and  charcoal,  insig- 
nificant with  anthracite,  it  may  approach  the  value  of  Lc  in  bituminous,  and 
will  probably  equal  or  even  surpass  it  in  liquid  and  gaseous  hydrocarbon  fuels. 

58  Because  of  the  difficulty  encountered  in  determining  the  percentage  of 
H  and  CxHy  in  flue  gas,  little  or  nothing  is  known  as  to  their  quantitive  rela- 
tion to  CO2  and  CO.  It  may  be  assumed,  however,  with  a  considerable  degree 
of  certainty  that  if  a  fuel  is  burned  to  such  a  degree  of  completeness  that  no 
measurable  amount  of  CO  is  found  in  the  flue  gas,  H  and  CxHy  will  also  be 
absent.  It  would  even  seem  probable,  and  therefore  reasonable  to  assume,  at 
least  until  the  contrary  has  been  demonstrated,  that  in  the  combustion  of  any 
hydrocarbon  fuel  the  absence  of  CO  may  be  considered  as  evidence  of  com- 
plete combustion.  But  when  CO  is  present  in  the  flue  gas  from  hydrocarbon 
fuel,  H  and  CxHy  constitutents  must  also  be  suspected  and  should  be  included 
in  any  formula  which  pretends  to  express  the  total  loss  of  heat  and  fuel 
through  the  chimney,  even  though  it  is  not  practicable  to  determine  these 
constituents  in  the  daily  flue-gas  analyses. 

59  It  is  reasonable  to  suppose  that  the  tendency  for  H  and  CxHy  to  be 
associated  with  CO  when  combustion  is  incomplete  will  increase  with  the  vola- 
tile combustible  (Fc)  contained  in  the  fuel.  We  may,  therefore,  assume  that 
the  percentage  of  H  and  CxHy  in  the  flue  gas  is  to  the  CO  as  the  percentage 
of  volatile  combustible  in  the  coal  is  to  the  fixed  carbon.    Representing  the 

p 
latter  ratio  by  R,  we  have  R  =  -—-,  from  which  we  get  Pyc   =  PcR- 
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60  For  liquid  and  gaseous  fuels  containing  little  or  no  fixed  carbon  we  will 
probably  not  be  far  wrong  if  we  assume  this  ratio  to  be  equal  to  the  ratio  of 
the  hydrogen  and  hydrocarbon  combustibles  to  the  total  carbon  content  of 
the  fuel,  i.e., 

R'  = -~ =   —  .    Hence  Pvc  =  PcR 

C  i  c 

61  Then  if  we  let  the  heat  value  of  the  hydrogen  and  hydrocarbon  combus- 
tibles in  the  flue  gas  equal  that  of  CO,  volume  for  volume,  we  have  Lye 
=  10,150  Pcfl. 

Lt  =  L"  -\-  Ly  +  Lc  +  Lye [5a] 

Substituting  the  values  previously  determined  and  reducing  to  lowest 
terms,  we  have 

(56  +  1.17  Pa)  X{T-t)    ,    10,150  (Pc  +   PcR') 

^'  =  P  +  VTK 

+  (0.23  +  6  i/a)  X  (T  -  0 [5] 

62  There  is  no  experimental  data  at  hand  to  prove  or  disprove  the  substan- 
tial correctness  of  the  above  relation.  All  that  can  be  said  in  its  favor  is  that 
it  would  appear  reasonable  that  such  relation  exists  between  the  CO  and  the 
other  combustible  constituents  contained  in  flue  gas.  Equation  [5]  repre- 
sents the  total  heat  loss  up  the  stack  when  burning  liquid  or  gaseous  fuel  free 
from  moisture. 

WATER    OF    HYDRATION 

63  All  mineral  coals  contain  water  in  two  forms:  moisture  (Wm),  i.e., 
water  which  can  be  driven  off  by  drying  at  about  212  deg. ;  and  water  of  hydra- 
tion (W^h),  which  passes  off  at  much  higher  temperatures  with  the  volatile 
combustible  matter,  the  estimation  of  which  is  ordinarily  but  wrongly  included 
in  the  latter.    True  moisture  (PFm)  has  already  been  considered. 

64  If  we  know  the  weight  of  oxygen  contained  in  the  coal,  the  water  of 

0 

hydration  is  determined  by  the  equation  Wh  =  0  +  ^,  i.e.,  1  lb.  of  oxygen  com- 

o 

bines  with  |  lb.  of  hydrogen  and  forms  |  lb.  of  water.  We  therefore  have 
Lh  =  1.125  X  0  X  (r  -  t)  Sy  =  0.54  XOXiT-t).  The  total  sensible  and  poten- 
tial heat  carried  off  by  the  flue  gas  from  bituminous  coal  therefore  becomes 

Lt  =  L"  +  Lv  -I-  Lc  +  Lvc  +  Lm  +  Lh [6a] 

Substituting  and  arranging  terms,  we  have 

^^^(56+..17P)X(r-0  ^  10,150   (Pe+   P.R)  ^   ,„,3^„.,,^o) 

r  r  -\-  Pc 

X  {T  -  t)  +  (110<  +  OAST  +  966)  M  +  0.23 [6] 

From  these  heat  loss  equations  we  see  that  the  loss  of  heat  by  way  of  the  chim- 
ney is  the  sum  of  a  number  of  distinct  components;  and  that  the  loss  occurs  in 
two  ways,  (a)  sensible  heat  and  (b)  unconsumed  combustible. 

65  When  burning  carbon  fuel  the  loss  components  are 

L,  =  L  +  Le  +  L^+  Lru [4a] 
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The 

values  of  thsee  components  are 

L' 

=  (0.23  + 

t  x(r-< 

1.17  Pa 

P 
10,150  Pc 

X  {T  -  t) 

P+Pc 

Lra   =  (110  -  t  +  0.48  T  +  966)  M 
When  burning  mineral  coal  the  loss  components  are 

Lt  =  U  +  U  +  Lc  +  Lvc  +  Lm  +  Lh [6a] 

The  values  of  these  components  are 
56 


Lv  = 


(0.23  + 

-p   +  6.2  H, 

1.17  Pa 
P 

X{T  -t) 

10,150  - 

Pc 
P  +  Pc 

PcR 

'         P  +  Pc 

)X{T  -t) 


Ljn  =    (110  -  t  +  0.48  T  +  966)  M 
Lh    =  0.54  X  OX  {T  -  t) 

66  From  the  values  of  the  components  of  equation  [4a]  we  see  that  the  loss 
due  to  the  first  three  decreases  directly  as  the  CO2  increases  and  the  loss  due 
to  the  first,  second  and  fourth  increases  directly  with  the  temperature  of  the 
escaping  flue  gases.  Similarly,  we  see  from  the  values  of  the  components  of 
equation  [6a]  that  the  loss  decreases  as  the  CO2  increases  in  the  first  four  com- 
ponents, and  increases  with  the  flue-gas  temperature  in  the  first,  second,  fifth 
and  sixth. 


NOTES  ON  A  HEAVY-DUTY  GAS  PRODUCER 

By  Nisbet  Latta,  Milwaukee,  Wis. 
Junior  'Member 

The  heavy-duty  gas  engine  may  be  said  to  have  been  developed  in 
the  United  States  to  a  reasonable  degree  of  commercial  acceptability. 
The  adoption  of  this  engine  by  the  various  steel  companies,  the  eco- 
nomical operation  of  the  engines  installed  and  the  general  degree  of 
reliability  obtained  has  established  it  upon  a  firm  foundation  as  a 
recognized  prime  mover  in  this  industry.  The  general  adoption  of  the 
gas  engine,  however,  and  its  refinement,  with  regard  to  those  obstacles 
which  yet  remain  and  which  can  only  be  eliminated  through  a  pro- 
longed process  of  evolution,  must  depend  upon  a  wider  field.  Such 
expansion  of  field  depends  upon  a  supply  of  fuel  suitable  in  uniformity 
and  economy  for  use  in  the  internal  combustion  engine. 

2  Generally  speaking,  the  heavy-duty  gas  engine  has  been  con- 
fined to  those  operations  where  either  natural  gas  or  blast-furnace  gas 
was  available;  hence,  before  they  can  be  generally  adopted,  some 
method  for  the  economical  manufacture  of  a  satisfactory  gas  in  large 
volumes  must  be  assured.  The  difficulties  of  such  manufacture  have 
been  many,  and  a  few  of  them  are  herewith  recited. 

3  The  initial  introduction  of  gas  producers  into  the  United  States 
was  unfortunate  and  the  failure  of  the  greater  number  of  the  first 
installations  cast  upon  the  producer  a  cloud  of  discredit  which  has 
never  been  removed  entirely  from  the  public  mind.  This  failure  was 
due,  in  most  part,  to  the  wrong  hypothysis  that  because  this  appara- 
tus has  been  successful  in  England  and  on  the  Continent  it  must  neces- 
sarily be  so  in  this  country.  The  fallacy  of  this  idea  was  due  to  the 
smgle  variable,  the  nature  of  the  fuel  used.  The  easily  fusible  ash 
contained  in  the  English  and  German  coals  permitted  a  high  rate  of 
combustion,  averaging  18 lb.  to  201b.  per  sq.  ft.  of  cross  section.  When 
operation  at  this  rate  was  attempted  here,  it  was  fou7id  to  be  impos- 
sible to  control  the  fire  bed,  the  resulting  temperature  being  such  as  to 
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flux  and  finally  fuse  the  ash  and  to  produce  other  conditions  incon- 
sistent with  satisfactory  operation. 

4  To  avoid  this  condition  of  affairs,  the  rating  of  American  pro- 
ducers has  steadily  been  decreased  until  the  best  practice  now  averages 
from  8  lb.  to  9  lb.  of  fuel  gasified  per  square  foot  of  grate  surface. 
This  change  has  rectified  to  a  great  extent  the  difficulties  met  with  in 
the  introduction  of  the  apparatus  upon  this  side  of  the  Atlantic.  The 
success  of  such  installations  as  the  Tait  process  at  the  John  Thompson 
Press  Company  and  the  Loomis-Peftibone  plant  of  the  Milwaukee 
Northern  Railway  Company  are  examples  of  the  development  of  the 
American  producers  properly  engineered.  Such  plants,  however,  are 
relatively  small  in  size,  while  the  heavy-duty  gas  engine  for  power 
purposes  is  essentially  an  apparatus  of  large  capacity  and  demand. 
The  average  gas  producer  in  common  practice  today  does  not  exceed 
500  h.p.  in  size. 

5  Even  at  this  size,  and  invariably  beyond  it,  mechanical  troubles 
occur  which  are  difficult  if  not  impossible  to  remedy.  For  instance 
in  producers  of  great  diameter  there  are  different  heat  zones  or  strata, 
due  to  the  difference  of  temperature  between  the  center  of  the  appara- 
tus and  the  sides,  which  are  cooled  to  some  extent  by  radiation. 
Moreover,  the  increase  in  diameter  causes  almost  insurmountable 
difficulties  in  stoking  and  prevents  the  possibility  of  maintaining  the 
fuel  bed  at  a  high  efficiency. 

6  Again,  the  labor  of  cleaning  is  immeasurably  increased.  This 
condition  of  affairs  is  peculiarly  emphasized  in  the  case  of  caking  or 
coking  coals  containing  a  high  percentage  of  fines  (coal  under  |-in. 
mesh)  which  tend  to  form  a  homogeneous  mass,  packing  or  caking  the 
bed.  Coals  such  as  are  found  in  Kansas  or  Illinois,  particularly  the 
former,  make  operation  difficult  under  these  conditions.  The  com- 
mercial limit  of  fines  in  the  case  of  pressure  producers  seems  to  be 
about  15  per  cent  for  caking  coal  and  about  40  per  cent  for  free-burn- 
ing coal.  With  the  latter  65  per  cent  of  fines  is  the  maximum 
obtained  in  commercial  operation.  In  some  coals  the  ash  fuses  at  an 
early  stage  of  combustion,  while  others  form  a  densely  packed  or 
"mucky"  bed,  almost  like  molten  asphalt. 

7  The  difficulty  and  labor  of  operation  under  these  conditions 
has  hitherto  been  met  by  some  expedient  such  as  mechanical  agita- 
tion. The  well-known  Hughes  producer,  an  instance  of  this  type,  has 
a  "walking-beam"  poker  which  periodically  punctures  and  stirs  the 
fuel  bed.     Other  mechanical  methods  have  involved  the  rotation  of 
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one  or  more  zones  of  the  producer  so  as  to  turn  or  twist  separate 
sections  of  the  fire  bed  upon  its  own  axis.  Sections  of  the  producer 
have  also  been  caused  to  oscillate  and  such  arrangements  as  shaking 
or  rotative  grates  have  been  long  and  commonly  used.  Another 
method  of  agitation,  perhaps  more  unique,  is  in  successful  practice 
in  certain  types  of  the  Loomis-Pettibone  apparatus,  wherein  com- 
pressed gas  is  used  as  the  agitating  medium.  A  certain  volume  of 
gas  is  compressed  into  a  small  storage  tank  or  receiver,  from  which 
a  gas-opening  valve  suddenly  admits  it  under  the  fuel  bed  of  the  pro- 
ducer, the  result  being  to  lift  the  bed  and  redispose  it,  to  blow  out  the 
ashes  from  the  interstices  of  the  fuel,  and  to  refresh  and  make  more 
active  the  fuel  surface.  This  method,  especially  within  a  producer 
of  moderate  size,  can  unquestionably  be  commended. 

8  Nevertheless,  the  fact  remains  that  although  the  medium-sized 
producer,  of  say  750  h.p.,  has  been  developed  with  a  reasonable  degree 
of  commercial  success,  we  have  not  as  yet  obtained  a  gas-producing 
apparatus  which  may  be  said  to  be  a  consort  for  the  heavy-duty 
steel-plant  type  gas  engine  of  3000  to  5000  horsepower. 

9  The  argument  has  been  presented  that  the  solution  of  the 
matter  consists  in  the  use  of  a  number  of  producer  units  and  their 
connection  in  batteries  or  multiples,  analogy  being  made  with  steam 
boiler  practice.  The  installation  of  a  2000-h.p.  steam  turbine  would 
not  necessitate  the  construction  of  a  2000-h.p.  steam  boiler,  but  more 
likely  four  500-h.p.  units  or  even  three  750-h.p.  units,  allowing  a  safe 
factor  for  easy  steaming.  This  analogy  fails  by  reason  of  the  essen- 
tial difference  in  the  character  of  the  service  performed.  For  instance, 
within  certain  limits  the  question  of  boiler  operation  means  merely 
the  delivery  of  steam  at  a  certain  pressure,  the  pressure  regulation 
between  the  boilers  being  a  matter  which  is  comparatively  simple. 
The  efficient  operation  of  a  gas  engine,  however  necessitates  the  deliv- 
ery not  only  of  a  continuous  supply  of  gas,  but  gas  of  uniform  composi- 
tion. This  condition  of  affairs  is  made  even  more  complex  where  the 
load  is  variable,  and  the  process  of  synchronizing  and  maintaining 
in  synchronism  the  multiplicity  of  producer  units  is  more  difficult 
in  practice  than  it  would  seem  theoretically.  Again,  there  are  inher- 
ent industrial  disadvantages  such  as  relatively  high  labor  costs, 
increased  cost  of  maintenance,  and  complex  coal  and  ash-handling 
devices. 

10  The  foregoing  summary  will  briefly  explain  the  reason  for 
starting  about  a  year  ago,  a  series  of  experiments  on  a  large-sized 
mechanically-operated  producer.    Although  incomplete  as  yet,  they 
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tend  to  shoAv  the  possibilities  of  the  manufacture  of  gas  on  a  large 
scale  at  a  low  cost. 

11  The  apparatus  selected  was  of  the  pulverized-fuel  type,  the 
one  herein  described  having  originally  been  designed  by  L.  H.  Hirt. 
This  type  of  producer  is  hardty  an  innovation,  having  been  in  opera- 
ton  in  France  for  a  number  of  years.  The  French  producer  was  the 
work  of  Georges  Marconnet,  a  French  engineer.     This  apparatus  is 
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Fig.  3    Fuel  Pulverizer  and  Mixing  Machine 


used  to  supply  gas  fuel  to  engines  for  the  generation  of  power  and  to 
open  hearth  furnaces,  being  knoAvn  as  the  Marconnet  Gasogene. 

12  The  Hirt  Apparatus  (Fig.  1)  consists  of  a  pulverizer,  A,  a  retort 
or  furnace,  B,  a  tower  scrubber  or  other  cleaning  device,  C.  The  fuel 
is  broken  to  a  reasonable  uniform  size  of  say  f  in.  by  its  passage 
through  a  crusher  or  griffin  mill,  from  whicii  it  usually  passes  through 
a  storage  ho])])or  to  the  pulverizer.  Here  it  is  ground  to  a  satisfac- 
tory degree  of  fineness  in  tiie  presence  of  air.    Not  only  is  a  iiigh  degree 


NISBET    LATTA 


2085 


of  intimacy  on  the  part  of  the  elements  secured,  but  by  this  arrange- 
ment coal  containing  a  maximum  of  12  percent  to  15 per  cent  of  mois- 
ture may  be  ground  without  pre-drying.  The  mixture  lacking  sufficient 
air  to  permit  complete  combustion,  is  then  admitted  tangentially  into 
the  producer  or  retort  through  opening  B  (Fig.  3).  After  combustion, 
the  gas  takes  an  upward  course  through  the  gasifying  chamber  and 
passes  down  the  central  passage,  escaping  at  BB  into  the  scrubber. 

13    Heretofore  the  difficulty  experienced  in  operation  with  pul- 
verized fuel  has  been  caused  largely  by  the  high  heat  of  combustion 


Fig.  4   Pulverizer  and  Producer  Connections 


and  the  impossibility  of  maintaining  a  refractory  material  under  such 
conditions  of  intense  temperature.  It  must  be  noted,  however,  that 
in  the  operation  of  this  producer  the  combustion  is  incomplete.  In 
starting  up  the  producer  it  is  necessary  to  permit  complete  combustion 
for  a  sufficient  period  to  raise  the  linings  to  the  heat  of  gasification, 
this  temperature  being  subsequently  maintained  by  the  reaction  of 
gasification  in  the  natural  process  of  manufacture  within  the  appa- 
ratus.    According  to  Alexander  M.  Gow,^  4450  B.t.u.  are  liberated 

'  Trans.  Engineers'  .Society  of  Western  Pennsylvania,  May  1903,  p.  14. 
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when  a  pound  of  carbon  is  burned  or  oxidized  to  CO.  Assuming  that 
the  function  of  this  producer  is  to  oxidize  carbon  to  CO,  and  inasmuch 
as  the  weight  of  the  entire  products  of  combustion  of  one  pound  of 
carbon  burned  to  CO  is  6.76  Ib.,^  by  substituting  these  values  in  the 


Fig.  5    3000  H.P.  in  Green  Gas  Discharged  from  Producer  through 
12-In.  Outlet 


formula 


(B.t.u.) 


and  taking  an  average  specific  heat  for  the  pro- 


WXZ 

ducts  of  combustion,  the  theoretical  temperature  derived  would  be 
practically  2240  deg.  fahr.    The  oxidation  of  carbon'  begins  at  the 

*  Ingalls,  Metallurgy  of  Zinc  and  Cadmium,  p.  264. 

•  Ingalls,  Metallurgy  of  Zinc  and  Cadmium,  p.  280. 
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low  temperature  of  400  deg.  cent.  (752  deg.  fahr.),  the  reaction  being 
complete  at  995  deg.  cent.  (1823  deg.  fahr.).  These  facts  merely  serve 
to  indicate  that  the  exothermic  reaction  2  C  +  O2  =  2  CO  would  be 
sufficient  to  supply  all  heat  necessary  for  the  operation  of  the  pro- 
ducer. 

TABLE  1    ANALYSES  OF  PRODUCER  GAS 


Carbon  Monoxide,  % 

Carbon  Dioxide,  % 

23.7 
3.9 
10.0 

27.5 

2  8 
11.5 

26.5 
2  9 
11  0 

27.0 
5.0 
9.5 

24.5 
3.9 
9.8 
3.4 

15.85 
9  20 
6.17 
4.09 
1.40 

63.29 

13  52 
8  10 

11  51 
5.17 
0  30 

61.40 

12.20 
7.60 

10.50 
3.20 
0 

66  50 

18.2 
4  9 

12.2 
2.1 
0.1 

62  4 
0  1 

128  89 

13.8 

8  0 
10  4 

2.5 

0 
64  8 

0.5 

119.70 

18.9 
9.4 

Oxygen,  % 

■ 

Illumlnants,  % 

B.t.u.  per  Cu.  Ft.,  Total 

'  Steam  admitted  to  upper  chamber. 


TABLE  2    PROXIMATE  ANALYSES  OF  COAL 


Moisture,  % 0,52  1.20*  0  73 

VooatUe  Matter,  % 17.50  32.95  17.52 

Fixed  Carbon,  % 72  48  59.64  76  80 

Ash.  % 9.50  6  21  4.95 

Sulphur,  % 124  

B.t.u.  (dried) 13.925  14.550 

'Analysis  of  ash  from  above  coal:  silica,  43,62:  aluminum  and  iron  oxide,  42.00;  lime,  5.74;  magnesia, 
2.22. 


14  Perhaps  the  only  serious  difficulty  met  with  in  the  continuous 
and  uniform  operation  of  the  apparatus  was  caused  by  the  construc- 
tion of  the  producer  upon  the  hypothesis  of  the  inventor  that  all 
coals  could  be  carried  up  at  a  temperature  at  which  the  ash  would 
fuse,  so  that  it  could  be  removed  in  the  form  of  slag.  This  was  an 
error  which  soon  developed.  It  has  been  demonstrated  that  only 
fuels  containing  easily  fusible  ash  can  be  handled  in  such  a  manner, 
and  that  these  fuels  are  the  exception,  rather  than  the  rule.  The 
apparatus  having  been  constructed  upon  this  premise,  the  removal 
of  ash  was  a  clumsy  and  inconvenient  performance.  It  was  neces- 
sary to  accumulate  an  ash  bed  sufficiently  deep  to  seal  the  producer 
and  then  gradually  and  carefully  withdraw  it  from  the  bottom.  This 
difficulty,  however,  would  be  easily  remedied  in  a  producer  designed 
with  the  knowledge  of  the  foregoing  experiments.  Either  a  water- 
sealed  bottom  or  a  conical  dumping  bottom  would  be  entirely  con- 
venient and  economical  of  operation. 
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15  In  the  experiments  herein  cited  the  pulverizer  was  driven  by 
an  electric  motor.  In  commercial  operation,  however,  the  sensible 
heat  of  the  effluent  gases  would  be  more  than  sufficient  to  generate 
steam  to  drive  all  auxiliary  apparatus  and  even  to  supply  a  surplus 
for  any  useful  purpose.  The  interposition  of  a  waste-heat  boiler 
between  the  producer  and  the  scrubber,  such  as  is  used  in  the  Loomis- 
Pettibone  apparatus  or  in  connection  with  water-gas  sets  would 
unquestionably  act  with  entire  satisfaction. 

16  Bituminous  coals  of  a  wide  range  were  used  and  the  operation 
of  the  producer  upon  fuels  containing  up  to  30  per  cent  of  ash  and  15 
per  cent  of  moisture  was  commercially  demonstrated.  Some  typical 
analyses  of  the  gases,  as  made  by  the  Pittsburgh  Testing  Laboratories 
are  given  in  Table  1 . 

17  There  is,  however,  a  definite  ratio  existing  between  the  fuel 
used,  the  degree  of  fineness  to  which  it  is  ground  and  the  time  the 
gas  remains  within  the  producer.  That  is,  adjustment  should  be  made 
to  suit  the  chemical  analysis  and  the  physical  nature  of  the  given  fuel. 
The  length  of  the  downcomer  should  depend  upon  both  of  these  ele- 
ments, the  length  varying,  in  all  probability,  inversely  as  the  percen- 
tage of  volatile  matter  contained  in  the  coal. 

18  The  success  of  these  experiments  and  the  field  of  development 
opened  up  thereby  will  undoubtedly  have  a  powerful  impetus  to  the 
development  of  large  gas-generating  units,  for  the  results  obtained, 
as  reflected  in  the  analyses  of  the  gas,  show  a  very  high  efficiency  for 
the  apparatus  and  a  remarkable  uniformity  in  its  product.  Considered 
as  a  whole,  it  presents  at  least  one  available  source  of  gas  supply  for 
the  heavy-duty  gas  engine. 
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TEST  OF  A  10,000-KW.  STEAM  TURBINE 

WITH  A  BRIEF  DESCRIPTION  OF  FEATURES  OF  CONSTRUCTION 

By  Sam.  L.  Naphtaly,  San  Francisco,  Cal. 
Member  of  the  Society 

The  steam  turbine  has  experienced,  as  is  quite  universally  known, 
the  most  rapid  development  of  any  form  of  prime  mover,  and  its  appli- 
cation has  been  extensively  broadened  within  the  last  few  years.  Re- 
cent proceedings  of  this  Society  contain,  in  the  paper  on  small  steam 
turbines  by  Geo.  A.  Orrok  and  on  tests  of  a  15,000-kw.  engine-tur- 
bine unit  by  Messrs.  Stott  and  Pigott,  useful  data  on  small  units  and 
low-pressure  turbine  operation,  respectively. 

2  It  is  the  intent  of  this  contribution  to  record  the  attainment  in 
the  design  and  operation  of  a  complete-expansion  turbine  of  10,000- 
kw.  normal  rating,  installed  in  the  latter  part  of  1909  in  the  main 
power  station  of  the  City  Electric  Company,  San  Francisco,  Cal., 
under  the  author's  management,  and  recently  tested  under  the  direc- 
tion of  J.  G.  White  and  Company,  consulting  engineers. 

3  The  object  of  the  test  was  to  determine  the  general  steam  con- 
sumption of  the  turbine  unit  under  everyday  operating  conditions 
and  further  to  determine  whether  the  builder's  guarantees  of  economy, 
generator,  temperature,  etc.,  had  been  complied  with. 

4  The  contract  with  the  builder  specified  a  turbine  of  10,000-kw. 
normal  capacity  with  an  additional  overload  capacity  of  50  per 
cent  operating  with  steam  at  175  lb.  gage  pressure,  superheated 
100  deg.  fahr.  and  with  28-in.  vacuum,  measured  in  the  exhaust 
pipe  and  referred  to  a  30-in.  barometer.  Under  the  above  condi- 
tions, operating  at  1800  r.p.m.,  the  guaranteed  performance  was  as 
follows : 
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Full  load 

10,000  kw. 

14.3  lb. 

per  kw-hr. 

lload 

5,000  kw. 

16.2  lb. 

per  kw-hr. 

1|  load 

15,000  kw. 

15.3  lb. 

per  kw-hr. 

5  The  generator  was  designed  for  a  60-cycle,  3-phase  current,  its 
normal  rating  being  525  amperes  per  terminal  at  11,000  volts,  the 
voltage  maintained  constant  at  all  loads  by  means  of  a  Tirrill  reg- 
ulator. The  generator  is  of  the  enclosed  type  and  is  provided  with 
a  direct-connected  exciter,  driven  from  the  end  of  the  main  generator 
shaft. 

6  The  generator  was  specified  to  have  a  temperature  rise  in  any 
part  above  the  temperature  of  the  ingoing  cooling  air,  not  exceeding 
the  following : 

Full-load  current,  normal  voltage,  for  24  hr.,  40  deg.  cent. 
l|-load  current,  normal  voltage,  for  24  hr.,  50  deg.  cent. 
l|-load  current,  normal  voltage,  for  24  hr.,  60  deg.  cent. 

7  The  steam  turbine  is  of  the  double-flow  type,  containing  both 
impulse  and  reaction  elements.  The  exterior  of  the  unit,  as  installed 
in  the  power  plant  is  shown  in  Fig.  1,  while  Fig.  2  shows  a  longi- 
tudinal section  of  the  turbine. 

8  Certam  features  of  construction  of  the  turbine  are  as  follows : 

a  Double-flow  desigi^,  employing  a  single  high-pressure  impulse 
wheel  centrally  located.  A  division  of  steam  between  two 
similar  and  opposed  intermediate  and  low-pressure  reac- 
tion elements,  one-half  flowing  through  the  annulus  sur- 
rounding the  high-pressure  wheel,  shown  by  arrows  in 
Fig.  2.  The  large  capacity  and  high  rotative  speed  of  the 
unit  make  it  possible  to  utilize  the  double-flow  construc- 
tion, which  has  many  obviously  desirable  features.  In- 
deed it  may  be  said  that  for  this  capacity  and  rotative 
speed,  the  double-flow  construction  is  imperative,  since 
in  a  single-flow  machine  of  the  same  capacity  and  speed 
the  blade  lengths  in  the  low-pressure  section  will  be  so 
great  as  to  preclude  the  possibility  of  sound  mechanical 
construction  or  efficient  steam  distribution. 

b  Symmetry  of  cylinder  structure  resulting  from  the  double- 
flow  design,  favors  the  production  of  the  casting  with 
least  initial  strain,  and  permits  of  uniform  distribution 
of  temperature  strains. 

c  High  speed  reduces  the  metal  masses,  ensuring  greater 
homogeneity  of  casting  with  a  resulting  increased  factor 
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of  safety,  since  the  same  peripheral  speeds  and  centrifu- 
gal stresses  virtually  obtain  as  in  the  lower  rotative  speed 
designs. 
d  Turbine  cylinder  simplified  with  intermediate   stationary 
element  cast  separately  and  hence  subject  to  less  internal 
strains.     Provision  is  made  for  the  ready  removal  of  these 
parts. 
e  There  are  no  feet  cast  on  the  cylinder  for  supporting  it  on  the 
bedplate.     Instead,  there  are  provided  cast-iron  chairs, 
two  at  each  end,  as  seen  in  Fig.  1.     The  cylinder  is  car- 
ried by  these  chairs  in  a  horizontal  plane  close  to  the  axis 
of  the  turbine,  the  advantage  being  that  with  this  con- 
struction the  alignment  of  the  coupling  is  less  affected  by 
temperature  changes.     The  cylinder  is  free  to  slide  on 
these   chairs  permitting  unrestrained  expansion  of  the 
parts.     In  fact  the  turbine  is  not  secured  at  any  point  ex- 
cept where  it  joins  the  generator  inboard  bearing  pedes- 
tal which,  however,  is  rigidly  bolted  to  the  plate. 
/  The  governing  apparatus,  while  containing  many  improve- 
ments in  detail,  presents  no  particularly  novel  features. 
There  are  two  governor-controlled  inlet  valves,  each  admit- 
ting steam  to  a  group  of  nozzles;  full  load  being  carried 
on  the  primary  valve  alone.     Overloads  are  maintained 
by  a  group  of  nozzles  operated  by  the  secondary  valve. 
9     These  main  valves  and  their  operating  mechanism  are  shown 
in  detail  in  Fig,  3.     They  are  hydraulically  operated,  oil  under 
pressure  being  supplied  by  the  oil  pump  driven  by  the  turbine. 
The  entire  output  of  this  pump   is  not   necessarily  used  by  the 
governor,    the  surplus    escaping  through    a  spring-loaded    valve, 
which  together   with   that   discharged  from   the   valve-operating 
mechanism,  furnishes  the  oil  supply  for  the  bearings.     The  oper- 
ation of  the  hydraulic  gear  is,  as  is  seen  from  Fig.  3,  accomplished 
by  the   familiar  relay   and  floating   lever.     Hitherto,  it  has  been 
customary  to  construct   the  relay  for  a  mechanism  of  this  char- 
acter without  lap.     If  it  does  have  lap,  either  negative  or  posi- 
tive, the  amount  of  this  lap  must  be  traveled  before  the  mechan- 
ism can  respond  to  the  governor.     A  departure  is  here  made  from 
previous  practice  in  providing  the  relay  plunger  with  both  inside 
and  outside  laps.     The  relay  is  kept  oscillating  a  small  amount  by 
means  of  a  cam  connected  to  the  governor  linkage,  sufficiently  to 
uncover  slightly  the  ports  at  each  oscillation,  causing  a  correspond- 
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ingly  slight  motion  of  the  main  operating  piston.  The  effect  of 
the  governor  itself  on  this  relay,  is,  of  course,  to  change  its  plane 
of  motion,  and  hence  response  to  the  least  change  in  position  of 
the  governor  weights  is  thus  assired. 

10  The  condenser  is  of  the  Wheeler-surface  dry-tube  type,  equipped 
with  primary  feed  heaters,  turbine-driven  centrifugal  hotwell  pump, 
and  rotative  dry  vacuum  pump.  The  condenser  is  located  imme- 
diately below  the  turbine  and  is  provided  with  two  openings  connect- 
ing with  the  exhaust  at  each  end  of  the  turbine.  It  contains  25,000 
sq.  ft.  of  1-in.  tube,  No.  18  gage.  A  42-in.  cast-iron  conduit,  located 
so  as  to  be  submerged  even  at  extreme  low  tide,  conducts  salt  water 
direct  from  the  bay  of  San  Francisco  to  the  plant.  After  being 
pumped  through  the  condensers  the  salt  water  is  returned  to  the  bay 
through  a  suitable  channel. 

11  The  turbine  generator  is  of  the  builder's  most  recent  four- 
pole  construction.  The  field  is  of  nickel  steel  and  is  made  up  of  two 
halves  joined  end  to  end  by  shrink  links.  Each  half  is  integral  with 
its  shaft,  which  renders  any  hole  for  the  shaft  unnecessary  and  conse- 
quently considerably  increases  the  strength  of  the  revolving  field.  The 
field  winding  is  done  under  heavy  tension,  which  results  in  a  very  solid 
mechanical  construction.  The  rotor  is  provided  with  a  series  of  tur- 
bine fan  blades,  and  the  ends  of  the  armature  winding  are  covered 
by  stationary  end  bells  which,  in  addition  to  protecting  the  winding 
serve  as  means  of  conducting  the  cooling  air  from  the  air  ducts  to  the 
machine.  This  air  is  drawn  from  the  conduits  by  means  of  the  tur- 
bine blowers  through  the  armature  winding  and  is  forced  into  the  air 
gap,  whence  it  passes  outward  through  the  armature  laminations  and 
is  discharged  into  an  exhaust  air  duct. 

12  As  this  was  the  first  generator  of  this  design  constructed,  the 
City  Electric  Company  insisted  that  tests  be  carried  out  by  the  build- 
ers before  shipment,  which  showed  an  electrical  efficiency  at  |  load 
of  92.2  per  cent;  at  full  load  of  [97.6  per  cent  and  at  1|  load  of  98.2 
per  cent. 

13  From  the  compromise  tests  which  it  was  possible  to  make  in 
the  works,  it  was  figured  that  the  temperature  rises  at  full  load,  100 
per  cent  power  factor,  would  be  28  deg.  on  the  armature  laminations 
and  18  deg.  on  the  field,  by  thermometer,  the  temperature  rises  by 
resistance  being  22  deg.  on  the  armature  winding  and  35  deg.  on  the 
field  winding. 

14  The  tests  by  J.  G.  White  and  Company  confirm  these  figures, 
their  results  showing  that  on  a  load  of  5300  kw.  at  89  per  cent  power 
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factor,  that  is,  6000  k.v.a.,  the  maximum  temperature  rise  of  the  arma- 
ture was  constant  at  27  deg.  On  a  load  of  9300  kw.,  89  per  cent  power 
factor,  that  is,  10,400  k.v.a.,  the  maximum  temperature  rise  was  con- 
stant at  31  deg.     These  figures  are  well  within  the  guarantees. 

DETAILS    OF  TURBINE  TEST 

15  In  what  follows  details  are  given  of  the  turbine  test  made  after 
installation,  the  results  being  shown  by  the  curves.  Fig.  4  and  Table  1. 
It  is  unfortunate  that  the  unit  had  to  be  maintained  carrying  the 
station  load  during  the  tests.  During  the  high-load  tests,  it  was  the 
only  unit  operating  in  the  station,  so  that  observations  had  to  be 
made  under  these  conditions,  with  the  load  variations  incidental  to 
station  operation.  In  all,  seven  runs  were  made,  two  of  which,  E  and 
G,  were  at  low  vacuum  for  the  purpose  of  establishing  the  effect  of 
variations  of  vacuum  on  this  machine.     In  Table  1,  both  the  Rankine 

TABLE  1    SUMMARY  OF  TEST  OF  10,000-KW.  TURBINE 

CITY  ELECTRIC  CO.,  SAN  FRANCISCO,  MARCH  1910 


1 

a 

o 

i 

0 

1 
1 
1 

i 
1 

1 

P4 

A 

3-14 

1.5 

7972 

90 

171 

B 

3-14 

2.0 

8563 

88 

168 

C 

3-14 

2.0 

8198 

91 

169 

D 

3-14 

2.0 

9173 

91 

167 

E 

3-15 

3.0 

5333 

88 

173 

F 

3-15 

4.0 

8148 

88 

167 

G 

3-16 

3.0 

5401 

88 

174 

I  g 


28.28 11623814.5811  15378  66.9 

28.1812354214.427  15062  68.0 

28.1011965514.596   15414  67.6 

27.9013367214.572   15360  69.0 

28.34  8347815.655    16493  61.8 

26.1612918115.855   16782  69.5 

26.16  9512017.611    18587  62.2 


;2iQ 


14. 11 1  mgh Vacuum 

22.65   13.88  High  Vacuum 

22.10   14.04  High  Vacuum 

22.23   13.88  High  Vacuum 

20.70   15.21  High  Vacuum 

20.35'  14.07  Low  Vacuum 

18.351  15.24  Low  Vacuum 


Note:    The  above  summary  of  the  entire  test  varies  but  i  of  one  per  cent  from  the  average  of  the 
15  minute  readings  taken  during  the  test. 

cycle  and  thermal  efficiencies  have  been  given  in  addition  to  the  rate 
of  steam  consumption  in  pounds  per  kilowatt-hour,  which  is  the  usual 
method  of  stating  the  performance  of  the  steam  motor.  The  thermal 
efficiency  considers  only  the  heat  in  the  steam  from  the  boiler,  and  is 
of  use  only  for  comparing  results  with  other  forms  of  prime  movers, 
such  as  internal  combustion  engines.  The  Rankine  cycle  efficiency, 
or  efficiency  ratio  as  it  is  sometimes  called,  is  the  more  equitable  meas- 
ure for  comparison  of  steam  motors,  as  it  reckons  with  the  work  done 
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between  the  limits  of  steam  leaving  the  boiler  and  exhaust  entering 
the  condenser.  Taking  the  heaviest  load  carried,  run  D,  the  efficiency 
ratio  obtained  was  69  per  cent  including  generator  and  field  losses 
which,  I  beheve,  is  some  improvement  over  results  hitherto  obtained 
for  a  complete-expansion  turbine. 

16  The  performance  of  a  steam  turbine  follows  the  Willans  right- 
line  law  over  a  great  range  of  its  capacity,  which  gives  a  valuable  check 
on  the  accuracy  of  the  test  points  and  reduces  the  number  of  neces- 
sary runs  to'a  minimum.  Furthermore,  the  performance  of  a  turbine 
may  be  accurately  predicted  at  loads  beyond  the  range  at  which  tests 
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Fig.  5a    Tests  foe  Obtaining  Vaccuum  Correction 
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Fig.  56     Change  in  Steam  Consumption  at  Various  Loads  per  1  in. 
Change  in  Vaccuum 


have  been  run.  Referring  to  Fig.  4,  it  is  reasonable  to  expect  that  if 
a  higher  load  had  been  available,  the  steam  consumption  would  have 
further  improved  until  the  opening  of  the  secondary  valve.  Allowing 
for  a  10-lb.  drop  thr  jugh  the  inlet  valves,  the  load  would  have  been 
approximately  11,000  kw.,  when,  as  seen  by  Fig.  4,  a  steam  consump- 
tion of  less  than  13.7  lb.  per  kw-hr.  would  have  been  obtained,  with 
an  efficiency  ratio  of  71  per  cent.  . 
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17  It  is  acknowledged  that  slightly  superior  efficiency  exists  with 
the  combined  engine  and  turbine  unit,  reported  by  Mr.  Stott,  at  72 
per  cent,  the  engine  unit  particularly  making  a  remarkable  showing. 
On  the  heat  consumption  basis,  however,  the  San  Francisco  unit  is 
approximately  only  8^  per  cent  in  excess  of  the  combined  recipro- 
cating and  turbine  unit,  but  it  is  obvious  that  this  advantage  in  steam 
consumption  is  offset  by  the  advantage  of  the  simple  turbine  unit 
without  the  comphcation  of  the  reciprocating  engine,  which  involves 
greater  first  cost,  greater  floor  space  and  cost  of  maintenance  and 
necessitates  shutting  down  the  unit  while  the  reciprocator  is  being 
adjusted,  or  else  further  complicating  the  system  by  use  of  an 
auxiliary  governor  and  high-pressure  valves  on  the  low-pressure 
turbine. 

DETAILS   OF   STEAM   CONSUMPTION   TEST 

18  As  mentioned  before,  it  was  necessary  to  test  the  unit  while 
in  commercial  service;  consequently  the  loads  of  the  turbine  during 
the  various  tests  were  subject  to  variations  which  probabl}^  may  have 
lowered  the  economy. 

CORRECTIONS 

19  As  the  operating  conditions  specified  by  contract,  namely  175 
lb.  gage  pressure,  100  deg.  superheat,  and  28  in.  vacuum,  could  not  be 
maintained  throughout  the  test,  correction  factors  had  to  be  deter- 
mined upon,  and  an  agreement  was  reached  previous  to  the  tests  as 
follows : 

Superheat,  1  per  cent  change  in  steam  consimiption  for  10  deg. 
in  superheat,  which  is  the  correction  factor  commonly 
employed  for  turbines. 

Steam  Pressure,  |  per  cent  for  10-lb.  change  in  pressure.  (As 
there  was  no  reason  for  the  full  pressure  not  being  main- 
tained, these  were  however  insignificant.) 

Vacuum,  as  the  vacuum  correction  is  affected  by  the 
design  of  the  turbine,  the  amount  of  the  correction  could 
not  be  determined  in  advance  of  the  tests,  therefore,  runs 
E  and  G  were  made.  From  these  and  from  the  other 
tests  it  was  found  that  1  in.  of  vacuum  affected  the 
steam  consumption  3  per  cent  and  6  per  cent  at  full  load 
and  half  load  respectively.  These  vacuum  corrections 
are  shown  in  Fig.  5a  and  Fig.  5&. 
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20  All  important  readings  were  taken  at  5-minute  intervals  ex- 
cept in  cases  of  energy  output  and  water  measurement  for  which  15- 
minute  integration  proved  adequate.  Figs.  6  to  10  inclusive,  present 
graphically  the  principal  logs  of  the  tests,  which  show  only  small  fluc- 
tuations of  the  pressure  and  temperature  conditions,  and  consist- 
ent changes  in  load  and  steam  consumption,  insuring  reliability  of  the 
average  values. 

21  The  electric  output  of  the  unit  was  obtained  with  a  General 
Electric  polyphase  wattmeter,  checked  by  three  single-phase  inte- 
grating wattmeters,  tested  under  the  supervision  of  Frank  E. 
Smith,  consulting  engineer,  and  Pacific  Coast  representative  of  the 
Weston  Electrical  Instrument  Company.  Its  complimentary  cur- 
rent and  potential  transformers  were  similarly  checked  with  standards. 

22  Steam  consumption  measurements  were  made  by  actually 
weighing  the  water  discharged  from  the  surface  condenser  which  was 
delivered  by  a  5-in.  single-stage  centrifugal  pump  through  6-in.  pip- 
ing to  a  set  of  four  weighing  tanks.  These  tanks  were  3|  ft.  in  diame- 
ter and  5  ft.  deep.  Each  tank  was  on  a  2000-lb.  platform  scale. 
The  supply  pipes  and  tanks  were  furnished  with  5-in.  quick-opening 
valves.  Scales  were  tested  and  certified  correct  by  the  Howe  Scale 
Company  of  San  Francisco. 

23  Tests  were  made  for  leakage  of  the  cooling  water  into  the  con- 
denser. As  sea  water  is  used  for  cooling,  these  tests  were  made  by 
adding  silver  nitrate  to  samples  of  the  condensed  steam.  No  indi- 
cations of  leakage  were  found  and  hence  no  allowance  was  made  for 
leakage. 

24  The  shaft  glands  were  sealed  by  water  taken  from  the  conden- 
ser discharge  before  weighing  and  the  leakage  from  outside  of  the 
glands  was  caught  and  measured.  In  this  way  no  special  allowance 
was  necessary  for  gland  sealing  water.  The  stuffing  boxes  of  the 
centrifugal  hotwell  pumps  were  sealed  with  water  from  the  discharge. 
A  small  leakage  occurred  here  which  was  caught  and  added  to  the 
leakage  from  the  main  unit  gland. 

25  All  pipes  connected  with  the  condenser  or  piping  system,  by 
which  water  might  escape  from  the  discharge  or  leak  into  the  discharge 
water,  were  disconnected,  blanked  or  arranged  with  two  valves  with 
an  opening  between  for  detecting  leakage. 

f ;  26  Observations  were  made  of  the  pressure  and  temperature  of  the 
steam  at  the  throttle,  pressures  within  the  turbine  at  inlet,  interme- 
diate and  low  pressure  points.  The  vacuum  was  indicated  by  a  mer- 
curj  colun:n  and  the  atmospheric  pressure  by  a  Uiorcury  barometer. 
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The  steam  gages  were  tested  on  a  Crosby  dead-weight  testing  machine. 
The  steam  gage  at  the  throttle  was  1  lb.  high  at  the  working 
range  of  pressure.  The  steam  temperatures  were  taken  with  a  15-in., 
600-deg.  fahr.,  nitrogen-filled  thermometer,  made  by  Henry  Green 
of  Brooklyn,  N.  Y.  This  thermometer  was  one  of  four  new  ones. 
As  there  was  practical  agreement  of  the  four,  by  check  before  the  tests, 
the  temperature  readings  were  considered  practically  correct.  The 
thermometer  was  placed  in  a  thermometer  well  in  the  steam  pipe 
close  to  the  throttle  valve.     Ihe  thermometer  well  was  partly  filled 
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Fig.  10    Log  of  Test  Data — Run  G 


with  mercury  and  the  remainder  of  space  with  oil.  The  thermome- 
ter entered  the  well  to  the  400-deg.  mark.  As  the  steam  temperature 
was  about  430  deg.,  the  effect  of  stem  exposure  was  small.  One 
degree  has  been  added  to  the  temperature  for  this  correction. 

27  The  vacuum  gage  was  a  Hohman  and  Maurer  instrument. 
Connections  were  made  with  a  f-in.  pipe  to  both  exhaust  nozzles  of 
the  turbine.  The  piping  was  provided  with  a  valve  admitting  air  to 
blow  back  to  the  condenser  any  condensation  in  the  pipe.  As  the 
mercury  column  has  a  tube  of  small  bore,  0.1  in.  or  less,  allowance 
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was  made  for  capillary  depression  of  the  mercury  by  adding  0.1  in. 
to  the  average  of  the  readings. 

28     The  barometer  was  compared  with  the  barometer  of  the  office 
of  the  U.  S.  Weather  Bm-eau  and  found  to  be  0.1  in.  low. 

The  following  is  a  summary  of  corrections  applied  to  readings  ob- 
tained during  the  steam  tests: 

Pressure  of  steam  supply  Subtract   1  lb. 

Temperature  of  steam  supply  Add  0.1  deg.  fahr. 
Vacuum  column  reading  Add  0.1  in. 

Barometer  Add  0.1  in. 

29  It  would  encumber  the  paper  to  publish  the  complete  de- 
tailed logs  of  these  tests.  The  author  will,  however,  be  pleased  to 
place  them  at  the  disposal  of  any  interested  members. 


TEST  OF  A  9000-KW.  TURBO-GENERATOR  SET 

By  F.  H.  Varney,  San  Francisco,  Cal. 
Member  of  the  Society 

For  about  five  years  prior  to  1908  the  City  of  Oakland  had  been 
practically  dependent  for  its  electrical  energy  on  the  water-power 
stations  and  transmission  lines  of  the  Pacific  Gas  and  Electric  Com- 
pany, located  125  to  150  miles  from  Oakland.  In  the  year  1908 
it  became  evident  that  this  service  would  necessarily  have  to  be  bet- 
tered, not  alone  for  capacity,  but  also  for  regulation,  and  after  con- 
siderable preliminary  estimating,  it  was  decided  on  the  first  day  of 
July  of  that  year  to  endeavor  to  have  a  turbo-generator  set  installed 
and  operating  in  time  for  the  Christmas  holidays.  Plans  and  speci- 
fications were  immediately  prepared  and  to  hurry  the  work  as  much 
as  possible  a  heavy  bonus  and  penalty  clause  was  made  a  part  of 
every  contract. 

2  The  delivery  of  the  turbine  seemed  to  be  the  one  point  that 
might  cause  delay,  as  boilers,  superheaters,  steam  piping,  condenser 
and  all  auxiliaries  were  promised  on  time.  The  turbine  was,  however, 
shipped  38  days  in  advance  of  promised  shipment  and  the  work 
progressed  without  delay  until  the  unit  was  started  and  put  into 
regular  service  on  December  18,  1908,  thus  making  171  days  from 
the  beginning  of  the  plans  and  specifications  to  the  successful  oper- 
ation of  the  station.  It  is  interesting  also  to  know  that  the  station, 
including  turbo-generator,  boilers,  steam  piping  and  auxiliaries,  build- 
ings, crane  and  everything  necessary  for  a  complete  steam  plant, 
excepting  land,  cost  $51  per  kw. 

3  It  was  with  considerable  satisfaction  that  the  turbine  was  started, 
as  this  was  one  of  the  driest  years  the  water-power  station  had  ever 
experienced  and  the  demand  for  power  greatly  exceeded  that  of 
previous  years. 


The  American  Society  of  Mechanical  Engineers,  29  West  39th  Street, 
New  York.     All  papers  are  subject  to  revision. 
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4  The  turbine  was  immediately  put  in  parallel  with  the  hydro- 
electric system,  which  consists  of  eleven  water-power  stations,  three 
reciprocating-engine  stations,  and  one  gas-engine  plant.  It  operated 
perfectly  in  every  particular  and  soon  demonstrated  the  superiority 
of  this  class  of  prime  mover  over  reciprocating  steam  or  gas  engines, 
both  in  regulation  and  in  maintenance. 
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Fig.  1    Log  op  Test^Data — First  Test 


5  The  plant  is  situated  on  the  Oakland  estuary,  between  Grove 
and  Jefferson  Streets  on  First  Street,  distant  about  one  mile  from  the 
center  of  Oakland.  The  estuary  is  a  branch  of  the  San  Francisco 
Bay  and  has  an  ample  supply  of  clean  salt  water  from  which  circu- 
lating water  for  the  condenser  is  drawn.  A  wharf  was  built  into  the 
estuary  for  the  purpose  of  landing  the  fuel  supply  and  the  Southern 
Pacific  Railroad  tracks  adjoin  the  First  Street  side  of  the  station. 
The  location  is  considered  ideal. 
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6  The  apparatus  installed  consists  of  a  9000-kw.  vertical  Curtis 
turbo-generator  (maximum  rated),  Worthington  condenser  and 
vacuum  pumps,  and  eight  754-h.p.  McNaull  water-tube  boilers. 
The  plant  is  oil-burning,  using  what  is  known  as  the  back-shot  burners. 
The  boilers  are  equipped  with  superheaters  for  100  deg.  superheat. 
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Fig.  2    Log  of  Test  Data-First  Test 


7  Owing  to  the  urgent  need  for  the  plant,  the  efficiency  test  was 
postponed  until  the  station  had  been  in  operation  for  14  months. 
The  conditions  of  the  test  were  as  follows :  The  turbo-generator  was 
run  on  a  closely  regulated  commercial  load, which  was  maintained  as 
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nearly  uniform  as  possible  by  the  load  dispatcher.  Two  runs  of 
four  hours  each  were  made  at  loads  approximating  7000  kw.  and  9000 
kw.  The  boilers  were  operated  on  the  usual  program,  the  number 
employed  being  adapted  to  the  load  carried.  No  attempt  was  made 
to  obtain  complete  data  regarding  the  economical  operation  of  the 
boilers. 
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Fig.  3    Log  op  Test  Data— Second  Test 


8  In  view  of  these  conditions,  it  was  decided  to  provide  for  the 
measurement  of  the  following  items: 

a  Water  from  turbine 
6  Total  make-up  and  auxiliary  water 
c  Power  delivered  by  generator  at  switchboard 
d  Exciter  output 

e  Pressures  and  temperatures  required  to  complete  and  inter- 
pret the  above  observations. 

9  Measurements  of  water  were  made  by  tank  weighings  with 
standard  scales  in  lots  averaging  1800  lb.  to  1900  lb.  and  in  accordance 
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with  the  general  methods  recommended  by  the  engineering  societies 
for  such  purposes.  The  power  deUvered  by  the  generator  was  mea- 
sured by  duplicate  installations  of  integrating  wattmeters  connected 
in  accordance  with  the  three-meter  method  for  three-phase  circuits. 
Observations  of  all  electrical  readings  and  of  all  pressures  and  temper- 
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Fig.  4    Log  op  Test  Data — Second  Test 


atures  were  made  at  ten-minute  intervals.  Weighings  of  water  were 
made  at  intervals  as  determined  by  the  load.  The  level  of  water 
in  the  feed  tank  and  the  condition  of  the  weighing  tanks  at 
the  end  of  each  haif-hour  period  were  also  noted,  thus  providing  for 
a  closure  of  the  test  at  any  such  period.  Leakage  tests  of  the  con- 
denser and  of  the  wet  vacuum  pump  seal  were  made  before  and 


2110  9000-KW.    TURBINE   TEST 

after  the  test  and  a  mean  of  the  two  vahies  was  used  as  the  leakage 
correction. 

10  All  apparatus  and  instruments  employed  were  carefully  cali- 
brated by  reference  to  absolute  standards  or  to  others  as  near  to  them 
as  possible.  The  scales  employed  w^ere  tested  both  before  and  after 
the  run  by  the  use  of  50-lb.  weights  loaned  for  the  purpose  by  the 
Fairbanks  Company.  All  pressure  gages  were  tested  by  the  use  of 
a  dead-weight  testing  apparatus.  The  indications  of  the  mercury 
vacuum  gage  were  accepted  as  accurate  without  further  test.  The 
integrating  wattmeters  were  calibrated  before  and  after  the  run. 
All  thermometers  were  compared  with  standards  certified  by  the 
United  States  Bureau  of  Standards. 

11  The  general  and  economic  results  for  each  run  as  a  whole 
are  given  below.  Figs.  1  to  4  show  the  data  worked  up  for  ten- 
minute  intervals  and  plotted  on  a  time  axis.  The  actual  turbine 
results  were  reduced  to  the  conditions  specified  in  the  contract,  by 
means  of  the  following  schedule  of  corrections: 

CONTRACT  SPECIFICATIONS 

1  Steam  pressure  at  throttle 175  lb.  gage 

2  Superheat 125  deg.  fahr. 

3  Vacuum 28  in. 

4  Steam  consumption 

Generator  output  (kw.)  Lb.  per  kw-hr. 

5000  16.75 

7000  16.40 

9000  16.40 

CORRECTIONS 

1  For  each  10  lb.  pressure 1  per  cent 

2  For  each  12^  lb.  deg.  superheat 1  per  cent 

3  For  each  inch  vacuum 1.081b.  per  kw-hr. 

GENERAL  AND  ECONOMIC  RESULTS 

1  Time,  February  18, 1910 2. 10  p.m.  6.00  p.m. 

to  to 

6.00  p.m.  10.00  p.m. 

2  Total  water  with  all  corrections,  lb 520,837  650,600 

3  Average  load,  kw 6,922  8,775 

4  Water    from    turbine  as  weighed    (corrected  for 

scales),  lb 428,704  562,579 
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5  Water  leakage  correction,  lb —2,461  —2,568 

6  Corrected  water  from  turbine,  lb 426,243  560,011 

7  Waterperkw-hr.,lb 16.06  15.95 

8  Temperature  of  condenser,  deg.  fahr 78.1  81.9 

9  Temperature   of  condensing    water,   inflow,   deg. 

fahr 52.15  51.0 

10  Temperature    of    condensing   water,    discharge, 

deg.  fahr 66.50  70.0 

11  Rise  in  temperature  of  condensing  water,  deg. 

fahr 14.35  19.0 

12  Vacuum  in  condenser,reduced  to  30  in.  barometer, 

in.  mer 28.30  28.03 

13  Exciter  output,  kw 38.9  40.0 

FINAL  CORRECTED  VALUES 

6.00  p.m.  to  10.00  pm. 

Correction  for  superheat,  per  cent —  4.13 

Correction  for  pressure,  per  cent +  0 .  48 

Correction  for  superheat  and  pressure,  per  cent —  3 .  65 

Correction  for  vacuum,  lb +  0.03 

Water  rate  corrected  for  vacuum,  lb 15.98 

Waterratewith  all  corrections,  lb 15.42 


THE  FIELD  FOR  GRINDING 

C.  H.  Norton,  Worcester,  Mass. 
Non-Memberi 

Grinding  in  various  forms  has  been  known  to  man  from  the  very 
beginning  of  history,  yet  it  is  doubtful  if  many  engineers  have  a 
clear  conception  of  the  field  for  metal  grinding.  Experience  (as  a 
specialist)  covering  twenty-five  years  has  taught  me  that  the  usual 
thought  of  grinding  is  that  it  is  a  slow,  tedious,  expensive,  but  sure 
method  of  obtaining  accuracy,  and  that  where  great  accuracy  is  not 
required  grinding  should  not  be  done. 

2  Webster  defines  abrasion  as  "the  act  of  wearing  or  rubbing 
off;  the  wearing  away  by  friction,  as  the  abrasion  of  coins."  Abrade, 
"to  waste  or  wear  away  by  friction,  as  to  abrade  rocks."  He  defines 
the  word  abraise  as  "rubbed  smooth,  as  an  abraised  table,"  mean- 
ing a  polished  table.  No  doubt  here  is  the  connection  between 
polishing  and  abrasion. 

3  Some  time  within  the  last  75  to  100  years  men  discovered  that 
a  revolving  polishing  wheel  enabled  them  to  abrade  work  in  such  a 
comparatively  short  time  that  so  far  as  polishing  was  concerned  it 
was  no  longer  slow  nor  tedious.  But  as  the  original  word  for  abrasive 
action  was  "grind,"  and  grinding  was  slow,  men  still  clung  to  the 
tradition  in  spite  of  the  later  discovery  that  polishing  could  be  done 
quickly.  When,  within  the  recollection  of  the  writer,  mechanics 
made  their  own  solid  glue  and  emery  wheels  with  which  to  grind 
small  hardened  tool  work,  it  did  not  occur  to  them  that  they  could 
do  by  grinding  a  certain  part  of  the  work  that  they  were  using  steel 
tools  for,  because  it  was  grinding,  and  was  slow.  Moreover,  all  nice 
work  must  of  necessity  take  lots  of  time,  because  our  older  mechanics 
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had  said  so.     It  did  not  occur  to  them  that  we  could  ever  have  better 
grinding  wheels  and  better  machines  in  which  to  use  them. 

4  It  was  at  this  point  in  our  reasoning  that  the  majority  of  engi- 
neers rested  and  it  is  here  that  we  find  a  large  number  now.  All 
engineers  admit  the  exactness  of  grinding,  but  most  of  them  still 
believe  it  to  be  slow. 

5  Appleton's  Cyclopedia  of  Applied  Mechanics,  published  as  late 
as  1893,  says  that  emery  wheels  are  employed  mainly  for  producing 
cutting  edges  and  for  smoothing  surfaces.  Again  it  says  that  in  all 
cases  of  the  employment  of  emery  wheels  in  place  of  steel  cutting 
tools,  the  operation  is  considerably  slower,  and  it  may  be  laid  down  as 
a  rule  that  save  upon  metal  too  hard  to  be  operated  upon  with  steel 
tools,  the  emery  wheel  cannot  compete  with  the  ordinary  lathe, 
planer,  milling  tool,  etc.  My  observations  convince  me  that  a  great 
many  American  engineers  hold  the  same  views. 

6  As  a  specialist  for  many  years,  I  have  seen  a  gradual  but  sure 
increase  of  knowledge  of  grinding  and  have  noted  the  widening  of  the 
field  as  the  result,  but  I  am  not  aware  that  the  intelligent  study  of 
grindmg  has  been  taken  up  by  professional  engineers  or  by  any  insti- 
tute of  technology.  The  intelligent  use  of  grinding  yields  such 
large  returns  that  it  warrants  careful  study  by  the  very  best  engi- 
neering and  scientific  minds  and  a  place  in  the  courses  of  our  technical 
schools.  The  field  is  constantly  broadening  with  each  year's  im- 
provements in  grinding  wheels  and  grinding  machines,  and  it  is 
time  that  men  of  brains  and  education  took  a  hand  with  us  to  help 
the  world  to  a  better  knowledge  of  the  science  of  grinding  and 
grinding  wheels. 

7  The  results  thus  far  attained  warrant  a  change  of  the  world's 
idea  of  grinding  and  instead  of  using  it  as  a  synonym  for  slowness, 
tediousness  and  drudgery,  it  should  be  a  synonym  for  rapidity, 
accuracy  and  economy. 

8  The  fact  about  grinding  with  the  modern  grinding  machine 
and  grinding  wheel  (not  emery  wheel)  is  that  it  enables  us  to  size  all 
round  work  cheaper  than  by  turning  and  filing,  that  it  takes  the  place 
of  what  we  formerly  called  the  finish  cut  of  the  lathe  and  all  filing 
giving  us  not  a  theoretically  perfect  cylinder  or  perfect  finish,  but 
a  much  nearer  perfect  cylinder  and  finish  that  we  obtained  with  the 
lathe.  It  gives  us  diameters  to  such  small  limits  as  to  be  called 
exact,  but  whoever  insists  that  none  but  exact  work  be  ground  loses 
the  very  pith  of  grinding,  which  is  economy.  Modern  grinding 
means  cheaper  cost  for  all  work,  many  grades  of  work  to  suit  many 
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requirements,  and  cheaper  turning  than  is  possible  without  the  use 
of  the  grinding  machine. 

9  As  a  rule,  the  coarser  the  turning  the  greater  the  economy  by 
grinding.  The  greatest  economy  is  obtained  by  the  combination  of 
cheaper  turning  and  grinding.  It  is  no  longer  necessary  to  turn  work 
smooth,  straight  or  correctly  to  size  and  the  lathe  is  no  longer  neces- 
sary as  a  precision  tool.  If  it  has  a  carriage  traverse  of  from  four 
to  ten  threads  per  inch,  has  sufficient  power  to  carry  high-speed  tool 
cuts  at  that  feed  and  is  well  supplied  with  steady  rests"  to  prevent 
springing  of  the  work,  it  is  ready  for  cooperation  with  the  grinding 
machine.  It  is  easier  with  modern  grinding  machines  and  wheels  to 
grind  off  a  given  amount  of  metal  when  in  the  form  of  crude  screw 
threads  than  in  any  other  form,  and  with  long  work  having  several 
sizes  the  grinding  requires  less  time  if  -^  in.  to  i\  in.  is  left  on  the 
diameter  for  grinding  than  if  the  work  is  turned  carefully  to  within 
0.002  in.  to  0.005  in.  In  all  cases,  accurate  turning  increases  the  total 
cost  of  production  and  in  some  it  makes  the  grinding  very  expensive. 

10  The  greatest  economy  is  usually  obtained  by  the  combination 
of  grinding  with  very  rough  turning.  Yet  there  are  cases  where  the 
least  expensive  way  is  to  grind  direct  without  turning,  notably  the 
greater  part  of  crankshafts  of  automobiles  and  small  gas  engines  and 
very  long  and  slender  work  where  turning  is  difficult. 

11  It  is  not  an  easy  matter  to  secure  such  rough  turning  as  true 
economy  requires  in  connection  with  grinding.  Lack  of  knowledge 
of  what  is  needed,  coupled  with  the  natural  pride  the  workman  takes 
in  doing  what  tradition  says  is  nice  lathe  work,  prevents  the  grinding 
machine  from  doing  what  it  is  ready  to  do.  Our  industries  are  losing 
much  while  waiting  for  the  engineer  to  assume  the  intelligent  guidance 
of  foreman  and  workmen  who,  through  fear,  doubt  or  prejudice  now 
rob  us  of  the  great  economies  due  to  modern  grinding  machines. 
There  is  much  yet  to  be  learned  by  foremen  and  workmen  about 
turning.  High-speed  steel  makes  possible  much  that  has  not  as  yet 
become  common  knowledge. 

12  The  lathe  is  a  very  old  tool  and  foremen  and  workmen  have 
known  it  for  generations,  yet  I  have  been  unable  to  find  more  than 
two  instances  where  a  careful  study  has  been  made  of  the  combina- 
tion of  lathe  work  and  grinding  to  effect  the  maximum  saving.  I 
have  observed  that  lathe  men  have  not  tried  to  remove  metal 
by  increasing  the  number  of  cuts  and  using  fast  traverse.  When 
urged  to  take  coarse  feeds  to  help  the  grinding  machine  to  effect  a 
total  saving,  they  have  invariably  said  that  they  were  feeding  all 
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that  the  work  would  stand.  It  has  been  demonstrated  that  three 
cuts  with  a  carriage  traverse  of  6  per  inch  has  produced  certain  work 
in  9  minutes  that  required  13  minutes  to  turn  in  one  cut,  because  the 
work  was  so  frail  that  with  one  cut  no  faster  feed  than  32  per  inch 
could  be  taken.  The  rough-ridged  surface  was  readily  ground  by 
taking  1  minute  more  than  when  the  turning  was  finer,  the  net  saving 
for  the  job  being  3  minutes.  In  many  cases  the  ridged  surface 
requires  no  additional  time. 

13  In  another  case  where  the  work  was  quite  firm  and  was  being 
revolved  at  a  very  high  speed  with  a  view  to  getting  everything  possi- 
ble from  the  high-speed  tool,  the  turning  required  5  minutes  and  the 
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Fig.  1    MiCROPHOTOGRAPH  OF  Chips  from  Modern  Grinding  Wheel 
Note  the  resemblance  of  these  fragments  to  lathe  chips 

grinding  1  minute.  A  change  was  made  in  the  feed  of  the  lathe  so 
that  without  revolving  the  work  any  slower  it  was  turned  in  1  minute, 
leaving  a  very  crude,  crooked  and  bad-looking  piece  of  lathe  work. 
The  grinding  then  required  2  minutes,  but  the  net  time  saved  was  3 
minutes.  Did  it  matter  how  bad  a  looking  lathe  job  it  was  if  the 
finished  work  was  perfect  and  3  minutes  was  saved? 

14  There  is  a  rich  field  for  engineers  and  managers  in  connection 
with  the  lathe  and  modern  grinding.  Recent  lathe  designs  provide 
for  high  speed  of  revolution,  with  sufficient  power,  quick  change  to 
and  from  back  gears,  and  sufficient  rigidity  to  utilize  to  the  limit 
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high-speed  steel ;  but  much  work  is  not  of  sufficient  rigidity  to  permit 
the  maximum  use  of  the  tool  at  fast  traverse  and  deep  cuts.  In  addi- 
tion, there  are  thousands  of  lathes  of  old  design  that  will  not  be 
thrown  away  at  once.  There  is,  therefore,  an  opportunity  to  get 
much  more  out  of  present  plants  by  cheaper  turning,  because  of  grind- 
ing. 

15  Developments  warrant  the  conclusion  that  we  should  no 
longer  assume  that  simply  because  a  tool  is  a  grinding  wheel  it  cannot 
remove  metal  and  size  and  shape  work  as  quickly  as  a  steel  tool. 


Fig.  2    Microphotograph  op  Fragments  from  Emery  Wheel 
Many  of  the  particles  are  melted  by  the  heat  generated  in  grinding 

Rather,  we  should  use  the  steel  tool  when  it  can  be  made  to  remove 
metal,  size  and  shape  work  cheapest,  and  the  grinding  wheel  when 
it  excels.  It  is  no  longer  to  be  taken  as  a  matter  of  course  that  we 
can  turn,  plane  and  mill  faster  than  we  can  grind.  After  all,  the 
real  reason  we  remove  metal  is  to  accomplish  certain  finished  results, 
not  simply  to  secure  a  certain  number  of  pounds  of  chips  in  a  given 
time.  Before  long  I  think  all  progressive  engineers  will  understand 
that  both  the  grinding  wheel  and  the  steel  tool  have  their  place  for 
metal  cutting.  The  old  thought  of  abrasion  must  give  way  to  the 
new  thought  of  cutting. 

16     While  it  is  still  true  that  poor  wheels  or  good  wheels  poorly 
selected  and  wrongly  used  will  still  remove  metal  very  slowly  by 
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abrasion,  it  is  also  true  that  the  old-fashioned  milling  cutter,  with 
fine  teeth  cut  by  hand  with  a  file,  hardened  but  never  ground,  and 
used  in  the  old-time  slender  milling  machine  would  very  slowly 
abrade  the  surface.  The  modern  grinding  wheel,  used  in  a  modern 
machine  by  a  modern  man,  is  just  as  surely  a  milling  cutter  as  if  it 
were  made  of  steel. 

17  The  microscope  reveals  the  fact  that  such  a  wheel  cuts  off 
chips.  Fig.  1  is  from  a  microphotograph  and  clearly  shows  the  chips 
that  are  as  surely  cut  off  as  those  made  with  a  steel  milling  cutter. 
The  grinding  wheel  used  was  a  modern  one  made  of  crystalline  alumi- 
num oxide. 


Fig.  3  Fig.  4 

FiKST  Two  Stages  in  the  Grinding  op  an  Automobile  Cam 

18  Fig.  2  is  also  from  a  microphotograph  and  shows  the  result  of 
the  old-fashioned  abrasion  described  by  Webster  as  grinding  to 
powder.  Here  we  see  the  effect  of  great  heat,  the  greater  part  of 
the  powder  being  in  the  form  of  globules.  This  is  magnified  to  the 
same  extent  as  the  other  photograph  and  shows  the  vast  difference 
between  the  old-time  abrasion  to  powder  and  the  present  cutting 
chips.  A  large  part  of  the  energy  put  into  work  was  wasted  in  heat, 
as  shown  by  the  very  small  globules  in  Fig.  2.  The  wheel  used  for 
Fig.  2  was  an  emery  wheel  like  those  referred  to  in  Appleton's  Cyclo- 
paedia of  1893. 

19  The  grinding  wheel  as  now  made  is  really  a  milling  cutter  with 
millions  of  cutting  teeth.  Although  these  teeth  are  not  as  large 
or  as  strong  as  the  teeth  of  a  steel  cutter  and  therefore  cannot  cut  as 
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deeply,  yet  they  are  capable  of  cutting  at  much  greater  speed.  Since 
there  are  so  many  more  of  them  they  are  capable  of  much  more  work 
in  a  given  time  when  the  nature  of  the  work  is  such  that  a  large 
number  of  these  cutting  points  can  be  used  simultaneously.  In  some 
cases  we  can  use  as  many  as  two  billion  cutting  points  per  minute. 
Eight  hundred  million  per  minute  is  not  uncommon  and  four  hundred 
million  per  minute  is  very  common. 

20  The  modern  grinding  wheel,  mounted  in  a  good  machine,  can 
be  used  at  a  cutting  speed  of  6000  or  more  surface  feet  per  minute 
and  owing  to  this  high  speed  it  need  not  cut  deeply  relative  to  the 
rigidity  of  the  work.  Therefore  it  is  able  to  remove  metal  from  many 
forms  of  work  more  quickly  than  the  milling  cutter  or  the  lathe  tool. 


^^ 


Fig.  5  Fig.  6 

Last  Two  Stages  in  the  Grinding  of  an  Automobile  Cam 

21  The  accompanying  illustrations  show  a  notable  example.  Figs. 
3,  4,  5  and  6  show  the  process  of  making  automobile  cams.  An  order 
for  a  hundred  of  these  cams  was  received  and  our  shop  superintendent 
began  to  provide  means  for  producing  them  at  the  lowest  possible 
cost.  It  is  evident  that  drop  forgings  for  so  few  would  be  out  of  the 
question,  as  the  expense  of  dies  would  make  the  cost  of  the  cams  pro- 
hibitive. It  was  therefore  necessary  to  devise  means  for  producing 
them  from  the  bar  stock.  This  was  done  by  providing  an  eccentric 
chuck  for  the  automatic  screw  machine.  To  prevent  the  bar  from 
turning  in  the  chuck  while  feeding  forward,  the  spline  was  made  the 
full  length  and  a  mating  key  was  placed  in  the  chuck.     Pieces  like 
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Fig.  3  were  made  in  the  automatic  machine  at  the  rate  of  10  per 
hour.  A  keyway  in  the  hole  was  made  in  the  ordinary  way,  Fig.  4. 
These  blanks  were  ground  to  rough  shape,  Fig.  5,  at  the  rate  of  10  per 
hour.  The  cams  were  then  hardened  and  finished  ground  to  Fig.  6  at 
the  rate  of  40  per  hour.  It  should  be  clear  that  such  a  cam  could  not 
be  milled  to  shape  from  the  blank  in  nearly  so  short  a  time  with  the 
milling  cutter.  When  manufacturing  such  cams  in  large  numbers 
drop  forgings  would  be  used,  and  here  again  the  grinding  wheel 
is  quicker  than  the  milling  cutter. 

22  Another  case  where  the  grinding  machine  can  accomplish  the 
results  desired  in  less  time  than  the  lathe  is  that  of  the  pins  and  bear- 
ings of  the  automobile  crankshaft.     The  results  desired  are  as  follows : 


Fig.  7     Double  Cam  Ground  from  Rough  Stock  2  In.  in  Diameter 

Five  bearings,  all  round  within  0.00025  in.;  the  axis  of  all  parallel 
and  exactly  in  line;  all  of  the  right  length  within  0.004  in.;  distance 
between  bearings  within  0.004  in. ;  accumulated  error  not  over  0.008 
in.  Four  crank  pins,  all  round  within  0.00025  in.;  the  axis  of  all 
exactly  parallel;  all  to  length  within  0.004  in.;  all  parallel  with  the 
bearings;  all  within  0.005  in.  of  the  same  plane;  all  of  correct 
throw,  within  0.010  in. ;  overall  length,  accumulated  error  not  over 
0.008  in. ;  all  fillets  correct  radius  and  exactly  concentric  with  the 
bearings  and  pins;  all  bearings  and  pins  straight  within  0.00025  in.; 
and  all  a  good,  smooth  surface. 

23     In  the  case  of  cranks  designed  with  clearance  for  the  arms  of 
the  cranks,  as  shown  in  Fig.  8,  the  width  of  the  wheel  is  identical  with 
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Fig.  8     Stages  in  the  Grinding  of  an  Automobile  Crankshaft 


the  required  length  of  the  pins  and  bearings,  so  that  no  measuring 
or  setting  of  the  tool  is  necessary  for  cutting  to  length.  The  act  of 
grinding  cuts  the  bearing  or  pin  the  right  length  and  forms  the  fillets. 
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The  location  of  the  pins  and  bearings  within  the  small  limits  allowed 
is  accompanied  by  a  massive  index  bar,  so  that  the  workman  does  no 
measuring  whatever  for  location  of  bearings  or  pins.  The  entire 
time  of  handling  and  producing  these  five  bearings  and  four  pins 
from  the  rough  forging  to  the  nicely-sized  and  finished  condition  is 
85  minutes.  It  is  clear  that  when  all  the  conditions  of  the  finished 
work  are  considered  the  grinding  wheel  and  machine  have  removed 
metal  faster  than  the  lathe.  Again,  it  is  not  simply  a  case  of  removing 
pounds  of  metal  per  hour,  but  the  removal  of  it  in  such  a  manner 
as  to  accomplish  certain  results  in  the  least  time. 

24  The  ends  of  these  shafts  beyond  the  bearings  are  turned  before 
grinding.  The  entire  list  of  operations  to  make  a  finished  shaft 
from  the  forging  is  as  follows: 

Cut  off  ends  and  center 6  minutes 

Rough  grind  bearings 15  minutes 

Turn  ends 8  minutes 

Rough  grind  pins 20  minutes 

Finish  grind  pins 20  minutes 

Finish  grind  bearings  and  ends 25  minutes 

Square  ends 6  minutes 

Total  time 100  minutes 

A  little  time  could  be  saved  if  it  were  practical  to  secure  forgings 
with  pins  and  bearings  If  in.  in  diameter  over  their  entire  length 
instead  of  with  the  depression  to  1|  in.  between  shoulders,  as  the 
wheel  can  be  forced  more  rapidly  when  the  face  has  the  same  amount 
of  work  to  do  as  the  fillets.  Here  again  tradition  is  strong  and  diffi- 
cult to  change  at  once,  because  the  depression  is  better  for  those  who 
turn  the  work.  A  little  cooperation  would  save  on  dies  and  time 
in  grinding. 

25  There  are  hundreds  of  other  cases  where  the  grinding  wheel 
is  used  to  remove  metal  in  a  more  economical  manner  than  with  steel- 
cutting  tools,  some  of  which  are  shown  in  Figs.  9  to  19. 

26  Automatic  grinding  is  a  late  development  in  the  field.  Cer- 
tain work  of  which  large  numbers  of  pieces  are  made  is  ground  by 
wholly  automatic  means.  The  work  is  conveyed  to  the  machine 
by  gravity  in  a  hopper  or  shute  and  is  chucked,  ground  and  delivered 
to  the  receptacle.  In  a  case  where  formerly,  at  piece  work,  300  per 
day  were  ground,  the  automatic  machine  grinds  4  in  a  single  minute, 
about  2300  per  day. 
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27  When  the  knowledge  of  grinding  becomes  more  common  and 
the  opposition  to  increased  production  on  the  part  of  the  workmen 
shall  have  been  more  nearly  overcome,  the  field  will  be  still  more 
extended.  It  is  worthy  of  more  systematic  cooperation  and  if  we 
get  together  we  will  be  rewarded  with  success.  The  engineer  is  the 
one  who  by  education  and  training  is  best  fitted  to  take  up  the  impor- 
tant question  of  the  field  for  grinding. 
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Fig.  9    Engine  Shaft— Hammered  Forging 

Weight,  8000  lbs.;  stock  removed,  0.025  in.;  limit,  0.001  in.;  time,  6  hr.  (8  hr. 
including  handling) 


>r    0.00025  limit 

Fig.  10.     Shaft  0.30  Carbon  Steel 
^  in.;  limit,  as  noted;  time,  1  hr.  (including  setting  up) 


Stock  removed, 


Fig.  11     Lathe  Spindle — Crucible  Steel,  Hardened 
Stock  removed,  0.035  in.;  limits,  as  noted;  time,  \\  pieces  per  hr. 
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Fig.  12    Piston  Pin — 0.15  Carbon  Steel,  Hardened 
Stock  removed,  0.015  in.;  limit,  0.0005  in.;  time,  60  pieces  per  hr. 
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Fig.  18     Chilled  Roll — Chilled  Iron 
Stock  removed,  f  in.;  time  roll  face,  2|  hr. ;  previous  lathe  time  12  hr. 
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Fig.  19    Chilled  Roll — Chilled  Irox 

Stock  removed,  |  in.;  time  roll  face,  7  hr. ;']journals  and  ends,  85  hr. ;  total, 
10|  hr. ;  lathe  time  for  same  work,  23  hr. 
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Fig.  20    Piston  Pin — Machine  Steel,  Hardkned 
Stock  removed,  0.015  in.;  limit,  0.0005  in.;  time,  25  pieces  per  hr. 


PRECISION  GRINDING 

By  W.  a.  Viall,  Providence,  R.  I. 
Member  of  the  Society 

Grinding  is  an  art  rather  than  an  exact  mechanical  operation.  It 
is  an  art  of  such  recent  growth  that  relatively  little  is  known  about 
it  or  its  possibilities.  In  the  development  of  the  grinding  machine 
from  the  early  beginning,  as  described  in  the  historical  article  in 
Machinery  of  July  1910,  to  the  present  well-known  makes  of  univer- 
sal and  plain  grinding  machines,  the  successive  steps  that  have  been 
taken  toward  reaching  stability  and  convenience  in  the  machine  form 
interesting  chapters  of  mechanical  history,  since  they  show,  as  well 
as  any  class  of  machines,  the  tendency  of  the  times. 

2  In  speaking  of  grinding  as  an  art  I  mean  that  it  contains  ele- 
ments in  which  the  judgment  and  experience  of  the  operator  count  for 
a  great  deal.  While  in  a  general  way  the  manufacturer  or  the  skilled 
operator  is  able  to  give  instructions  for  the  running  of  the  machines, 
yet  conditions  arise  which  make  it  necessary  to  vary  from  these  instruc- 
tions in  order  to  obtain  the  best  results.  To  instruct  an  operator 
to  use  a  given  wheel  and  speed  would  make  it  possible  for  him  to 
obtain  any  one  of  the  three  results.  When  ground  with  a  wheel 
surface  that  is  not  true  a  piece  looks  as  though  it  had  been  gouged 
upon  a  grindstone,  while  with  a  wheel  surface  that  is  true  it  gives  a 
dull  finish  and  shows  the  wheel  marks.  The  latter  is  what  we 
consider  commercial  grinding.  When  this  same  wheel  has  been 
run  so  that  the  points  of  the  abrasive  become  somewhat  dull,  we 
obtain  a  highly-finished  surface.  All  these  results  are  possible  with 
the  same  wheel  under  different  conditions. 

3  Most  of  us  are  interested  in  two  classes  of  grinding.  One  is  the 
occasional  grinding  such  as  we  find  in  the  tool  room  and  in  the  shop 
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where  one  or  two  pieces  of  a  kind  are  made  and  where  accurate  fits 
are  demanded.  The  second  is  the  manufacturer's  problem  where 
not  only  must  the  nicest  accuracy  be  obtained  but  where  the 
rate  of  production  is  an  important  consideration.  In  the  first  case 
the  question  of  cost  does  not  enter  so  deeply  into  the  problem,  al- 
though it  is  always  to  be  considered;  and  one  machine,  specially  de- 
signed to  do  a  certain  class  of  work,  is  often  compelled  to  answer  the 
necessities  for  work  to  which  it  is  not  well  suited.  In  the  second 
case,  however,  the  best  results  as  to  efficiency  and  production  are 
obtained  by  having  a  machine  of  the  proper  size.  It  must  be  under- 
stood from  the  first  that  whether  the  machine  is  large  or  small  it 
must  be  sufficiently  heavy  and  stable  enough  to  do  the  work  it  is 
called  upon  to  do  and  it  must  be  so  designed  that  it  can  readily  be 
operated.  This  latter  element  of  convenience  must  be  provided  for 
even  more  carefully  than  in  many  other  classes  of  tools,  because  much 
of  the  work  done  in  the  grinding  machine  is  of  such  a  character 
that  the  operations  of  putting  in  and  taking  out  consume  almost  as 
much  time  as  the  grinding.  Moreover,  a  grinding  machine  must 
have  sufficient  rigidity  to  preserve  its  alignment,  which  must  be  of  a 
high  grade  from  the  first.  Unless  the  machine  is  capable  of  pro- 
ducing true  work  its  value  is  lost,  for  the  grinding  machine  must  not 
only  finish  work  but  also  rectify  it  to  a  degree  of  accuracy  that  we 
cannot  in  reason  look  to  a  lathe  or  other  type  of  machine  to  furnish 
commercially. 

4  The  principles  of  grinding,  in  the  main,  are  not  difficult  to  grasp, 
and  the  time  that  would  be  required  of  the  ordinary  chief  operator 
in  grasping  them  is  not  excessive.  But  the  work  does  require  such 
attention  and  knowledge  of  the  results  that  can  be  obtained,  coupled 
with  the  skill  acquired  by  experience,  as  to  class  it  with  the  Arts. 
In  the  early  days  it  seemed  quite  necessary  that  for  every  different 
piece  of  work  we  should  have  a  different  wheel.  Later  it  was  found 
that  a  given  wheel  would  give  satisfactory  results  on  various  kinds  of 
work  by  varying  the  speed  of  the  wheel,  the  speed  at  which  the  work 
was  run,  or  the  feed  of  the  work,  so  that  one  wheel  answered  a  great 
variety  of  purposes.  There  have  been  changes  in  abrasives  and  we 
are  getting  today  a  far  better  quality  of  wheel  than  was  possible 
some  years  ago.  The  grading  of  wheels  has  very  much  improved, 
and  although  in  the  writer's  opinion  it  is  not  possible  to  obtain  an 
absolute  grading,  this  element  has  been  reduced  to  such  a  nicety  that 
it  need  not  be  taken  largely  into  account  by  the  average  operator. 

5  The  first  use  of  the  grinding  machine  as  we  know  it  today 
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was  to  correct  slight  errors  that  were  impossible  of  eradication  by 
means  of  the  file  and  emery  cloth.  Today  the  grinding  machine 
rectifies  these  errors  and  in  addition  finishes  work  for  appearance 
and  fit  in  a  relatively  cheap  manner. 

6  After  the  proper  machine  has  been  selected,  the  choice  of  wheels 
requires  some  specialized  knowledge  which  the  makers  of  machines 
and  wheels  are  in  a  position  to  furnish  to  an  extent  that  many  of  the 
users  of  machine  tools  are  probably  not  aware.  When  the  proper 
wheels  and  gradings  are  once  established  for  a  given  line  of  work  their 
subsequent  use  is  very  easy. 

7  The  question  of  speeds  and  feeds  is  also  the  result  of  experience, 
and  suggestions  from  the  manufacturers  will  help  users  to  a  great 
extent  in  obtaining  satisfactory  results.  The  cutting  operation  of 
the  wheel  was  well  shown  in  an  illustrated  article  by  Messrs.  Gribben 
and  Warman^  where  the  microscopic  photographs  showed  that  the 
chips  somewhat  resen  bled  those  made  by  a  lathe  tool.  It  is  only 
under  proper  conditions,  however,  that  these  results  can  be  obtained. 
The  wheels  must  be  true  and  they  must  not  be  forced  into  the  work 
to  too  great  an  extent,  for  this  produces  a  torn  effect  upon  the  work, 
which  is  to  be  avoided. 

8  In  considering  a  piece  of  work  to  be  done,  first  of  all  the  ques- 
tion arises  as  to  the  size  and  the  limits  suitable  for  the  purpose  for 
which  it  is  intended.  Table  1  gives  the  limits  used  at  the  Brown  & 
Sharpe  Mfg.  Co.'s  works  for  varying  conditions.  There  are  special 
cases  where  it  may  be  necessary  to  increase  or  to  decrease  these  limits, 
and  this  table  is  not  offered  as  the  final  word  but  as  a  guide  towards 
selection. 

9  The  second  necessity  is  that  sizes  should  be  established  to  which 
the  work  should  be  rough  turned  ready  for  the  grinding  room.  In 
our  works,  as  in  all  factories,  the  aim  is  to  produce  the  desired  results 
as  cheaply  as  possible.  Our  desired  ends  have  been  accuracy  and 
nicety  of  finish  where  the  parts  ground  are  for  fits,  and  nicety  of  finish 
where  no  fit  is  required.  To  do  this  work  as  cheaply  as  possible  we 
believe  that  it  is  economical  to  turn  the  pieces  to  about  the  sizes 
indicated  in  Table  2.  It  will  be  noted  that  we  allow  from  0.008  in. 
to  0.012  in.  in  diameter,  an  amount  easily  obtained  by  the  ordinary 
class  of  lathe  help.  In  order  to  make  this  w^ork  as  easy  as  possible  for 
the  lathe  department,  we  furnish  the  limit  gage  shown  in  the  sketch. 
We  are  aware  that  practice  varies  on  this  point,  and  we  have  thoroughly 

^  .\mcrican  Machinist,  July  2.  1903. 
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TABLE  1    GRINDING  LIMITS  FOR  CYLINDRICAL  PIECES' 
As  Adopted  bt  Brown  and  Shahpe  Mfg.  Co., 

RUNNING  FITS— ORDINARY   SPEED 

To    §-ln.   diameter,  Inc 0.00025  to  0.00075  femall 

To  1 -In.   diameter,  Inc 0.00075  to  0.0015  Small 

To  2 -In.   diameter,  Inc 0.0015    to  0.0025  Small 

To  3i-ln.   diameter,  Inc 0.0025    to  0.0035  Small 

To  6 -In.   diameter,  Inc 0.0035    to  0.005  Small 

RUNNING  FITS— HIGH  SPEED,  HEAVY  PRESSURE  AND  ROCKER  SHAFTS 

To    Hn.    diameter,  Inc 0.0005    to  0.001  Small 

To  1  -In.    diameter,   Inc 0.001      to  0.002  Small 

To  2 -In.   diameter,   inc 0.002      to  0.003  Small 

To  3Hn-    diameter,  Inc 0.003      to  0.0045  Small 

To  6 -in.   diameter,  Inc 0.0045    to  0.0065  Small 

SLIDING    FITS 

To    i-ln-   diameter,  Inc 0.00025  to  0.0005  Small 

To  1  -In.   diameter,   inc 0.0005    to  0.001  Small 

To  2 -In.   diameter,  Inc 0.001      to  0.002  Small 

To  3i-ln.  diameter,  Inc 0.002      to  0.0035  Small 

To  6 -In.   diameter,  Inc 0.003      to  0.005  Small 

STANDARD   FITS 

To    i-ln-   diameter,   inc Standard  to  0.00025  Small 

To  1  -In.   diameter,    inc Standard  to  0.0005  Small 

To  2  -in.    diameter,   inc Standard  to  0.001  Small 

To  3i-ln.   diameter,   inc Standard  to  0.0015  Small 

To  6  -in.   diameter,   inc Standard  to  0.002  Small 

DRIVING  FITS — FOR  SUCH  PIECES  AS  ARE  REQUIRED  TO  BE  READILY  TAKEN  APART 

To    i-ln.   diameter,   Inc Standard  to  0.00025  Large 

To  1  -in.    diameter,   inc 0.00025  to  0.0005  Large 

To  2 -in.   diameter,  inc 0.0005    to  0.00075  Large 

To  3Hn-   diameter,   inc 0.00075  to  0.001  Large 

To  6 -In.   diameter,    inc 0.001      to  0.0015  Large 

To    J-ln.   diameter,   inc 0.0005    to  0.001  Large 

DRIVING    FITS 

To  1 -In.   diameter,  Inc 0.001      to  0.002  Large 

To  2 -in.   diameter,  Inc 0.002      to  0.003  Large 

To  3Hn.   diameter,  inc 0.003      to  0.004  Large 

To  6 -in.   diameter,  inc 0.004      to  0.005  Large 

To    J-in-   diameter,  inc 0.00075  to  0.0015  Large 

FORCING   FITS 

To  1  -in.   diameter,  inc 0.0015    to  0.0025  Large 

To  2 -in.   diameter,  inc 0.0025    to  0.004  Large 

To  3Hn.   diameter,  inc 0.004      to  0.006  Large 

To  6 -In.   diameter,   inc 0.006      to  0.009  Large 

To    Hn.    diameter,   inc 0.00025  to  0.0005  Large 

SHRINKING  FITS— FOR  PIECES  TO  TAKE  HARDENED  SHELLS  f-IN.  THICK  AND  LESS 

To  1  -in.  diameter,  inc 0.0005   to  0.001  Large 

To  2 -in.   diameter,  inc 0.001      to  0.0015  Large 

To  3Hn.    diameter,    inc 0.0015    to  0.002  Large 

To  6  -in.    diameter,   inc 0.002      to  0.003  Large 

To    Hn.    diameter,   inc 0.0005    to  0.001  Large 

SHRINKING  FITS — FOR  PIECES  TO  TAKE  SHELLS  ETC.,    HAVING  A  THICKNESS  OF  MORE    THAN    f-IN, 

To  1  -in.   diameter,  inc 0.001      to  0.0025  Large 

To  2 -in.   diameter,  inc 0.0025    to  0.0035  Large 

To  3Hn.    diameter,    inc 0.0035    to  0.005  Large 

To  6  -In.   diameter,  inc 0.005      to  0.007  Large 

To    §-in.    diameter,   inc Standard  to  0 .  0005  Large 

GRINDING    LIMITS    FOR    HOLES 

To  1  -In.    diameter,   inc Standard  to  0.00075  Large 

To  2  -In.   diameter,   inc Standard  to  0.001  Large 

To  3Hn.   diameter,   inc Standard  to  0.0015  Large 

To  6  -in.    diameter,   inc Standard  to  0.002  Large 

To  12-ln.    diameter,    inc Standard  to  0.0025  Large 

'  The  limits  given  in  the  table  can  be  recommended  for  use  in  the  manufacture  of  machine  parts 

to  produce  satisfactory  commercial  work.  These  limits  should  be  followed  under  ordinary  condi- 
tions. Special  cases  should  always  be  considered,  as  it  may  be  desirable  to  vary  slightly  from  the 
tables 
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endeavored  to  try  out  the  plan  of  allowing  correct  limits,  but  we  have 
found  it  fully  practicable  to  hold  the  lathe  to  the  limits  given.  By  so 
doing  we  obtain  the  finished  product  free  from  all  tool  marks  and  at 
what  we  beheve  is  the  minimum  cost. 

10  Figs.  1  to  6  show  some  samples  of  commercial  grinding  taken 
from  actual  practice  for  the  purpose  of  giving  an  idea  of  what  can  be 
done  in  a  commercial  way,  as  well  as  to  give  some  definite  data  as  to 
speeds,  feeds,  etc.  While  it  is  perhaps  not  possible  to  give  a  rule  that 

TABLE  3    LIMIT  GAGES  FOR  LATHE  WORK 
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will  fit  all  work,  these  plates  should  suggest  ideas  that  will  help  in 
producing  the' work  as  well  and_^'as  cheaply  as  this  has  been  done  in 
the  cases  shown.  When  enough  pieces  of  any  one  kind  are  to  be 
made  it  is  possible  to  specialize  to  a  higher  degree  than  can  be  done 
in  the  general  run  of  work,  and  better  results  may  be  obtained  than 
are  shown  here. 

1 1  The  examples  of  commercial  grinding  given  in  Figs.  1  to  6  illus- 
trate what  is  being  done  under  actual  working  conditions  in  commer- 
cial work  on  the  variety  of  pieces  indicated,  which  are  of  various  mater- 
ials, both  soft  and  hard.  A  reversal  of  the  usual  rule,  where  economy  is 
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gained  by  having  one  man  operate  more  than  one  machine,  is  shown 
in  Fig.  6,  where  work  is  most  economically  produced  by  using  two 
men  to  run  one  machine,  that  is,  having  one  man  to  operate  it  and  a 
helper  to  drive  the  work  on  and  off  the  arbor.  All  other  data  are 
based  on  one  man  to  a  machine. 

12  These  pieces  passed  inspection  within  the  limits  given.  The 
average  loss  from  work  of  this  class  coming  below  the  required  limit 
or  being  otherwise  spoiled  is  less  than  j  of  1  per  cent  in  our  grinding 
department. 

13  Figs.  7  to  13  are  each  notated  to  show  the  peculiar  features  that 
exist  in  the  work,  together  with  the  data  that  may  be  of  help  in  de- 
ciding upon  other  work  of  this  class. 


Fig.  7    Sewing-Machine  Plunger — Case  Hardened 


This  piece  is  ground  at  the  rate  of  145  per  hour.  Only  a  small  amount  0.006 
in.,  is  taken  off  to  prevent  grinding  below  the  case-hardened  surface.  Ground 
on  No.  11  plain  grinding  machine.  As  this  piece  is  only  about  1  in.  long  it  is 
quite  difficult  to  handle,  and  this  somewhat  reduces  the  output. 

An  elastic  wheel  36,  grade  5  is  used;  speed  of  wheel,  about  6000  ft.  permin; 
of  work,  about  35  ft.  per  min. 


Fig.  8    Bronze  Bushing 


These  bushings  are  ground  at  the  rate  of  30  per  hour.  Ground  on  No.  12  or 
No.  14  Plain  Grinding  Machine. 

About  0.020  in.  of  stocK  is  removed  from  the  diameter.  A  o4  grade  M  Amer- 
ican wheel  is  used;  speed  of  emery  wheel,  about  6500  ft.  per  min,;  speed  of 
work,  about  70  ft.  per  min. 
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MODERN  GRINDING  METHODS 

By  B.  M.  W.  Hanson,  Hartford,  Conn. 
Member  of  the  Society 

One  of  the  oldest,  perhaps  the  oldest,  means  for  reducing  material 
for  the  purpose  of  giving  it  the  desired  shape,  is  by  grinding.  Our 
ancestors  ground  their  stone  axes  and  arrow  points  against  a  rock, 
by  rubbing  them  back  and  forth.  The  next  advance  in  grinding  was 
probably  the  revolving  of  a  stone  on  an  axle  turned  by  a  crank.  It 
was  soon  discovered  that  by  having  water  running  on  a  stone,  the 
grinding  could  be  done  faster.  This  discovery  was  probably  made  by 
accident,  since  at  that  time  nobody  would  have  thought  of  the  reason 
so  long  as  results  were  obtained. 

2  Grinding  had  then  advanced  to  a  point  where  the  grinding 
member  revolved  in  a  fixed  position,  but  the  piece  to  be  ground  was 
held  in  the  hands  of  the  operator,  and  by  manipulating  it  at  different 
angles  to  the  grinding  surface,  a  shape  was  obtained  which  met  the 
requirements  reasonably  well.  The  art  seems  to  have  remained  at 
this  stage  for  centuries  and  not  until  the  lathe  and  other  machine 
tools  had  been  in  use  for  a  long  time  was  it  thought  to  hold  the  piece 
of  work  in  a  fixed  position  against  a  revolving  grinding  member  also 
having  a  fixed  position. 

3  The  grinding  machine  as  now  used  is  of  comparatively  recent 
origin,  within  the  memory  of  men  now  living.  The  first  grinding 
machines  suggestive  of  modern  methods  of  grinding  were  made  in 
England  and  America,  but  it  is  in  America  that  they  have  reached 
their  highest  development. 

4  The  invention  of  emery  wheels  made  it  possible  to  make  fairly 
rapid  progress  with  grinding  processes.  At  first  very  little  work  was 
ground  which  could  be  machined  and  filed.  The  process  of  grinding 
was  confined  to  pieces  of  hardened  steel,  but  after  awhile  it  was  dis- 
covered that  unhardened  pieces  could  be  machined  and  finished  more 
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accurately  and  cheaply  by  ,t>  rinding  process  than  hy  finish  turning  and 
filing. 

5  The  grinding  machine  for  cylindrical  surfaces  was  developed  to 
meet  all  strains  and  forces  due  to  the  cutting  power  of  the  shellac 
emery  wheel ;  but  when  corundum  and  carborundum  wheels  were  put 
in  use  it  was  found  that  the  machinery  was  not  quite  strong  and  heavy 
enough  to  resist  their  cutting  power  or  to  resist  the  vibration.  Within 
the  last  few  years  great  improvements  have  been  made  not  only  in  the 
cutting  quality  of  grinding  wheels,  but  in  the  design  of  the  machines 
themselves;  in  fact,  grinding  machinery  has  become  a  formidable 
competitor  of  the  lathe  and  milling  machine  and  seems  to  be  quite  up 
to  the  cutting  cajiacity  of  the  wheels. 

6  The  designers  of  grinding  machinery  have  had  a  good  many 
problems  to  solve.  Different  materials  require  different  speeds  and 
on  the  modern  grinding  machine  there  must  be  various  speeds  for  the 
grinding  member  as  well  as  for  the  traverse  movement  of  the  work; 
and  for  the  revolution  of  the  work  in  the  case  of  the  cylindrical 
grinder.  Machines  must  be  designed  with  water  pumps,  and  the  work- 
ingparts  must  be  protected  from  water  as  well  as  from  the  grit  which 
comes  from  the  grinding  wheel.  The  grinding  member  usually  moves 
at  a  high  rate  of  speed  and  must  have  carefully  designed  bearings 
which  will  run  freely,  yet  not  allow  any  back  lash,  as  true  surfaces 
can  only  be  obtained  when  the  work  and  the  reducing  member  move 
against  each  other  in  fixed  positions.  Most  of  these  difficulties  have 
been  met  and  further  refinements  are  constantly  being  made.  I  will 
give  a  few  illustrations  of  such  improvements  further  on. 

7  The  grinding  machines  now  used  can  be  divided  into  two  large 
groups;  machines  for  cylindrical  grinding  and  machines  for  grinding 
flat  surfaces.  Cylindrical  grinders  are  well  known  and  have  been 
highly  developed  by  four  machine-tool  builders  in  this  country.  The 
other  style  of  grinder,  the  surface  grinder,  is  best  known  as  a  planer 
type  machine,  with  a  wheel  grinding  on  its  periphery,  and  fed  across 
the  surface  in  much  the  same  manner  as  a  tool  is  fed  across  the  surface 
on  a  planer  or  shaper.  Another  type  is  the  vertical  surface  grinder 
with  a  cup-shaped  wheel  working  in  much  the  same  manner  as  an  end 
mill  on  a  vertical  milling  machine. 

8  In  doing  work  on  lathes  or  milling  machines,  it  is  comparatively 
easy  to  reproduce  several  pieces  to  the  same  dimensions  by  adjust- 
ing the  machine  to  a  size.  This  is  possible  because  the  reducing  mem- 
ber, which  is  the  turning  tool,  will  resist  wear  for  a  considerable 
length  of  time  without  making  any  difference  in  the  size  of  the  work. 


B.   M.   W.   HANSON 


2141 


With  grinding  machinery  this  is  more  difficult  since  the  reducing 
member  is  constantly  wearing  away  at  a  rapid  rate.  For  very  close 
work  it  is  necessary  to  readjust  the  machine  for  every  piece  to  be 
ground,  which  of  course  requires  skill  and  time. 


Fig.   1     View  showing  Device   (at  A)  for  Cylindrical  Grinder,   and 
Magnet  (at  B)  through  the  Operation  of  which  the  Feed  is  Controlled 


9  The  devices  shown  in  Fig.  1  are  of  such  construction  that  they 
control  the  size  of  t"he  work,  no  matter  how  much  the  reducing  mem- 
ber wears  way.  When  the  work  has  reached  the  desired  size,  which 
can  be  predetermined  by  suitable  adjustments,  the  machine  will  auto- 
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matically  throw  out  the  feed  and  new  pieces  can  be  put  in,  one  after 
another,  and  these  will  be  automatically  ground  to  practically  the 
same  diameter,  say  within  one-quarter  of  a  thousandth  of  an  inch. 
10  This  result  is  brought  about  by  controlling  the  feed  of  the 
reducing  member  electrically.  The  mechanism  of  the  controlling 
device  is  shown  in  Fig.  2.  The  lever  A  carries  a  smooth-pointed  dia- 
mond which  bears  against  the  work  W  at  a  and  at  its  other  end  is 
the  point  b  for  electrical  contact.  There  is  a  second  lever  C  with  con- 
tact points  ate,  and  a  contact  point  d  is  attached  to  the  frame.  As  the 
diameter  of  the  work  is  reduced  the  long  arm  of  lever  A  drops  until 
point  b  touches  the  contact  point  at  c,  which,  through  an  electrical 
connection  changes  the  feed  of  the  wheel  and  causes  it  to  move  against 
the  work  at  a  slower  rate.    When  the  work  has  been  reduced  to  size, 


Fig.  2    View  showing  Mechanism  of  Sizing  Device 


lever  A  drops  still  further,  carrying  with  it  lever,  C,  until  an  electrical 
connection  is  established  between  points  c  and  d  which  throws  out  the 
feed.  t - 

11  It  will  easily  be  seen  that  an  operator  can  manipulate  more  than 
one  of  these  machines  and  that  by  their  use  less  skill  is  required  to  get 
uniformity  of  size.  In  this  design  the  size  of  the  work  is  controlled  by 
contact  with  the  work  itself,  which  is  the  preferable  way,  but  the  same 
results  could  be  obtained  by  contact  with  the  reducing  member.  This, 
however,  would  be  more  difficult  because  of  the  coarseness  of  the  re- 
ducing member  and  its  ability  to  wear  away  the  contact  point  faster 
than  does  the  work. 
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12    Another  recent  device  is  the  back  rest,  shown  in  Fig.  3.    It 
has  been  found  necessary  to  support'the  work  as  rigidly  as  possible 


Fig.  3    View  showing  Back  Rest  in  Place;  also  Overhead  Drum,  which 
IS  MADE  AN  Integral  Part  of  the  Machine 


throughout  its  length,  but  as  the  work  is  constantly  being  reduced  in 
diameter,  the  back  rest  must  be  kept  in  contact  with  the  work  either 
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by  hand  or  automatically,  and  hand  adjustment  requires  considerable 
skill.  In  the  device  shown  it  is  accomplished  automatically,  the 
back  rest  advancing  at  exactly  the  same  rate  that  the  diameter  of  the 
work  is  reduced  by  the  wheel;  and  as  it  advances,  the  back  rest  mem- 
ber is  locked  solid,  making  it  impossible  to  spring  it  by  the  wheel 
pressing  against  it  when  traveling  across. 

13     This  view  also  shows  the  overhead  drum,  which  is  made  an 
integral  part  of  the  machine.     The  main  drive  for  the  machine  is 


Fig.  a  Back  Rest,  Designed  to  Follow  the  Work  as  it  Reduces  in 
Diameter  and  to  Lock  Automatically  against  the  Pressure  of  the 
Wheel 

by  single  belt  to  a  short  shaft  at  the  base,  from  which  the  drives 
for  the  wheel  and  the  drum  are  belted.  This  arrangement  avoids 
a  complicated  overhead  countershaft  and  enables  the  operator  to 
change  the  speeds  and  manipulate  the  various  mechanisms  with 


14  The  operation  of  the  back  rest  will  hv  understood  from  Fig.  4. 
The  arm  A  which  supports  the  work  is  held  in  contact  with  the  work 
l)y  means  of  the  weighted  lever  B,   fulcrumed  at  C.   in  the  frame 
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against  the  adjusting  screw  D  at  point  C  and  causes  the  arm  to  slide 
in  an  upward  direction  on  pin  E.  As  lever  B  is  depressed  a  roller 
F  travels  downward  into  the  V-shaped  space  formed  by  the  upper 
surface  of  lever  B  and  the  lower  surface  of  the  casting  G,  this  roller 
preventing  any  upward  movement  of  the  lever  and  consequently  any 
movement  of  the  back  rest  away  from  the  work. 

15  As  said  before,  surface  grinders  have  usually  been  made  with 
the  wheel  grinding  on  its  periphery  and  in  some  instances  it  may  be 
necessary  to  continue  to  do  work  on  this  principle,  as  grooves  and 
irregular  shapes  sometimes  have  to  be  ground  and  the  thinness  of  the 
wheel  makes  it  possible  to  get  into  narrow  places;  but  when  flat 
surfaces  are  wanted,  the  cup-shaped  wheel  has  taken  a  foremost 
place  in  grinding.  The  wheel  covers  the  whole  width  of  the  work  at 
once  and  water  is  forced  through  the  center  of  the  spindle,  centrifugal 
force  throwing  the  water  outward  and  compelling  it  to  pass  between 
the  work  and  the  wheel.  It  is  astonishing  with  what  rapidity  work 
can  be  reduced  to  a  flat  surface  under  this  process. 

16  This  method  of  grinding  would  never  have  been  successful 
if  it  had  not  been  for  the  advancement  in  wheel  making.  The  wheel 
problem  in  connection  with  the  machine  has  been  most  difficult. 
It  has  been  found  very  essential  to  select  the  right  kind  of  wheel  for 
different  classes  of  work  and  for  different  materials.  For  grinding 
steel,  either  hardened  or  soft,  corundum  wheels  have  proved  the  best 
and  for  grinding  cast  iron  the  carborundum  wheel  has  proved  the 
best.  The  different  degrees  of  hardness  must  be  taken  into  considera- 
tion when  the  width  of  the  surfaces  to  be  ground  varies. 

17  The  makers  have  decided  to  place  on  the  market  a  much  larger 
machine  of  this  type  than  they  have  made  before,  shown  in  Fig.  5. 
This  machine  has  a  table  stroke  of  6  ft.,  and  can  grind  a  piece  6  ft. 
long  and  about  25  in.  wide.  It  can  also  grind  circular  rings  and  disc 
surfaces  up  to  30  in.  in  diameter.  The  wheel  has  a  diameter  of  30 
in.  and  the  whole  machine  is  driven  from  a  single  belt  by  a  40-h.p. 
motor.  As  this  machine  has  just  recently  been  built,  its  capability 
is  not  fully  known,  but  for  work  that  has  already  been  tried  it  shows 
very  encouraging  results.  For  such  work  as  grinding  guide  bars, 
slide  valves  and  link  motions  for  locomotives,  large  stamping  dies 
such  as  are  used  in  electric  works,  facing  automobile  cylinders  and 
automobile  engine  frames,  I  believe  it  will  show  its  superiority  over 
any  other  method  by  several  hundred  per  cent.  In  one  of  the  trials 
a  surface  of  cast  iron,  6  ft.  long  and  20  in.  wide  was  reduced  in  thick- 
ness 0.01  in.  in  five  minutes,  leaving  an  excellent  finish  and  an  exact 
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Fig.  6    Examples  of  Gpjnding:  No.  1,  Pressed  Steel,  15  pek  hour;  No. 
2,  Malleable  Iron,  15  per'hour;  No.  3,  Malleable  Iron,  12  per'hoitr 
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Fig.  7  Examples  op  Grinding:  Chuck  Plates,  ground  both  sides,  6-in. 
20  per  hour;  9-in.  15  per  hour;  12-in.  10  per  hour;)  Vises,  ground  on  two 
edges,  top  and  one  cleaned  only,  20  per  hour 
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flatness.  In  fact  when  tested  no  point  in  the  surface  showed  out  of 
true  more  than  0.0005  in.  In  grinding  steel  this  type  of  surface  grinder 
produces  chips  that  look  very  much  like  metallic  wool,  which  seems  to 
indicate  that  when  a  cupped  wheel  passes  over  the  work  the  chips 
are  made  by  the  outer  edge  of  the  wheel  in  the  same  manner  as  chips 
produced  by  the  outer  edge  of  an  end  milling  cutter  .  If  the  chips  were 
made  underneath  the  broad  contact  surface  of  the  wheel  there  would 
not  be  room  for  them  to  curl  up  in  the  small  places  which  are  left 


Fig.  8    Example.s  of  Grinding:  No.  1,  cast  iron,  15  to 20  per  hour;  No- 

2,   CAST  iron,  60  PER  HOUR)   No.   3,  CAST  iron,  25  PER  HOUR)  No.   i,  ALUMINUM, 
30  PER  HOUR 


between  each  cutting  particle  of  the  grinding  wheel.    The  large  sur- 
face in  contact  with  the  work  simply  smooths  the  surface. 

18  The  table  on  these  machines  is  provided  with  different  feeds. 
It  is  difficult  to  make  an  exact  rule  as  to  what  feeds  to  use  for  differ- 
ent materials,  but  the  operator  can  determine  this  by  running  the 
machine  a  few  minutes.  The  difficulty  lies  in  the  fact  that  wheels 
supposed  to  be  made  of  the  same  specifications,  vary  considerably 
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and  consequently  the  feed  has  to  be  regulated  not  only  to  suit  the 
material  being  ground  but  also  to  suit  the  cutting  ability  of  the  wheel 
to  be  used.  At  the  present  time  it  is  safe  to  say  that  grinding  machin- 
ery is  fully  developed  to  the  cutting  capacity  of  the  wheels  and  there 
will  probably  not  be  any  essential  changes  until  the  grinding  wheels 
have  reached  a  higher  development. 

19    In  Figs.  6  to  9  several  photographs  are  shown  of  work  which 
has  been  ground  on  vertical  cupped-wheel  machines.     In  some  in- 


FiG.  9    Example  OF  Grinding:  Adding  Machine  Frame,  Cast   Iron, 

15  PER    HOUR 


stances  such  as  in  the  production  of  small  gun  parts,  like  hammers 
and  triggers,  the  work  has  been  done  from  fifteen  to  twenty  times 
faster  than  it  can  be  milled  and  it  has  a  smoother  and  more  accurate 
surface.    This  is  especially  true  where  the  surfaces  are  not  too  wide. 

20  To  give  an  idea  of  the  capacity  of  a  grinding  machine  having 
a  cupped  wheel  for  grinding  flat  surfaces,  compared  with  a  grinding 
machine  having  a  wheel  grinding  on  its  periphery  and  working  on  the 
principle  of  a  planer,  it  is  worth  while  to  note  the  following : 
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21  The  traversing  speed  of  the  work  or  the  work  table  can  be 
assumed  to  be  the  same.  If  a  piece  is  6  in.  long  and  3  in.  wide,  the 
machine  grinding  on  its  periphery  will  take  about  48  strokes  to  cover 
the  surface,  assuming  t ii-in.  feed  for  each  stroke.  The  cupped-wheel 
machine  will  do  the  same  amount  of  work  with  one  stroke  or  in  about 
TT  the  time.  These  proportions  are  essentially  true  on  hardened 
steel  or  on  any  kind  of  work  where  a  nice  finish  is  required. 
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AMERICAN   INSTITUTE    OF   MINING   ENGINEERS 

A  meeting  of  the  American  Institute  of  Mining  Engineers  was  held  in  the 
Canal  Zone,  Central  America,  November  1  to  8.  About  125  members  and 
guests  of  the  Institute  sailed  from  New  York  October  21  to  attend  the  meeting. 
Stops  were  made  en  route  at  Havana,  Cuba,  for  one  day,  and  at  Kingston, 
Jamaica,  for  two  days. 

At  Havana  the  party  was  received  at  the  Palace  by  President  Jos6  Miguel 
Gome/.  Each  member  was  individually  presented  to  the  President,  who 
expressed  the  pleasure  it  afforded  him  to  meet  such  a  distinguished  gathering. 
The  party  was  taken  around  the  city  and  suburbs  in  automobiles  and  carriages 
and  visited  many  historic  places.  Morro  Castle,  in  particular,  proved  intensely 
interesting. 

At  Kingston,  Jamaica,  special  trains  and  carriages  were  provided,  to  visit 
Constant  Spring,  Castleton  Gardens,  Bog  Walk  and  Spanish  Town. 

The  eight  days  in  the  Canal  Zone  were  devoted  to  excursions  to  various  points 
along  the  line  of  the  Canal,  to  inspect  engineering  features  of  the  undertaking. 

Sessions  for  technical  discussion  were  held  on  the  steamer  on  the  afternoons 
of  Oct.  24,  27  and  28.  The  smooth  sea  and  pleasant  weather  permitted  these 
sessions  to  be  held  on  deck.  On  October  24  and  27  the  topic  of  Mine  Fires  was 
discussed  with  papers  on  the  Summit  Hill  Mine-Fire,  by  W.  S.  Lathrop;  Mine 
Fire  at  the  Calumet  and  Hecla  Mine,  No.  8  Shaft,  by  S.  D.  Warriner,  Mem. 
Am.Soc.M.E. ;  Fire  in  the  Big  Lick  Stope,  Lykens  Valley  and  Williamstown 
Colliery,  by  R.  V.  Norris,  Mem. Am.Soc.M.E.;  Fire  in  the  Monarch  Mine, 
near  Rock  Springs,  Wy.,  by  S.  A.  Taylor;  Fire  in  the  Anaconda  Mine,  Butte, 
Mont.,  by  David  W.  Brunton,  and  in  the  Leonard  Mine,  Butte,  Mont.,  by  Chas. 
W.  Goodale;  Mine-Fire  in  the  Luke  Fidler  Colliery,  Shamokin,  Pa.,  by  R.  V. 
Norris,  Mem. Am.Soc.M.E.;  Four  Fires  at  the  Vulcan  Mine,  Vulcan,  Mich., 
by  William  Kelly;  Results  of  the  Recent  Explosion  in  the  Esperanza  Mine, 
Coahuila,  Mex.,  by  Edw.  W.  Parker;  Fire  in  the  Kimberley  Mine,  South  Africa, 
by  Gardner  F.  Williams;  Gold-Mines  of  the  Rand,  by  Hennen  Jennings.  At 
subsequent  sessions  papers  were  presented  on  the  Production  of  Pig  Iron  by 
the  Electric  Furnace  in  Sweden,  by  Prof.  Joseph  W.  Richards;  Operations  in 
the  Canal  Zone,  by  W.  L.  Saunders,  Mem. Am.Soc.M.E.;  The  Social  and  Eco- 
nomic Conditions  in  Panama  and  the  Canal  Zone,  by  John  M.  Sherrerd,  Mem. 
Am.Soc.M.E.;  Coal-Mining  Machinery,  by  E.  W.  Parker;  Diamonds  of  the 
Rand,  by  Gardner  F.  Williams;  Recent  Water-Power  Developments  in  Mon- 
tana, and  the  Uses  of  Electric  Power  in  Pumping,  Compressing  and  Hoisting, 
by  Chas.  W.  Goodale;  The  Manufacture  of  Electrical  Machines  for  Mining 
Plants,  by  David  B.  Rushmore,  Mem.Am.Soc.M.E. 
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AMEKU'.W    INSTITUTE    OF    ELECTHK'AJ.    ENGINEERS 

At  the  monthly  meetin!";  of  the  American  Institute  of  Electrical  Engineers 
on  Friday  evening,  November'll,  in  the  Engineering  Societies  Building,  a 
paper  on  Interpoles  and  Synchronous  Converters  by  B.  G.  Lamme  and  F.  D. 
Newbury,  both  of  the  Westinghousc  Electric  and  Manufacturing  (^ompany, 
Pittsburg,  Pa.,  was  presented  for  discussion. 

AMERICAN   MUSEUM   OF   SAFETY 

Tlie  American  jNIuseum  of  Safety  was  opened  on  JNIonday  evening,  November 
21,  in  the  Engineering  Societies  Building,  29  West  39th  Street,  New  York, 
under  the  supervision  of  the  director,  Dr.  W.  H.  Tolman.  This  is  designed  to 
be  the  headquarters  of  a  national  movement  directed  to  tlie  conservation  of 
human  life,  the  sanitation  of  environments,  and  the  prevention  of  accidents. 
The  exhibits  are  in  three  sections:  safety,  sanitation  and  mutuality.  The  first 
classification  includes  safety  devices  and  appliances  relating  to  generation  and 
transmission  of  power;  fire  and  explosives;  electricity,  building  trades,  decora- 
tive arts;  agriculture,  mining,  lumbering;  foods  and  conserves;  manufacture 
of  machines,  tools  and  apparatus;  stone  and  earth;  textiles,  transportation 
by  land  and  sea,  and  theatrical  enterprises.  The  second  covers  water,  ventila- 
tion, heating,  lighting,  dusts,  sewage  and  its  disposal, noise  lessening,  alcoholism 
and  housing;  while  under  the  third  are  comprised  service  insurance,  pensions, 
liability  and  compensation,  thrift  and  saving  funds.  One  of  the  conspicuous 
exhibits  is  a  model  of  a  modern  house  with  fire-proof  roofing,  new  water  filters 
for  household,  factor}^  field  and  laboratory  use,  in  which  the  filtering  medium 
is  a  hollow  cylinder  made  of  infusorial  earth. 

This  museum  is  similar  to  those  in  Europe,  of  whicli  thirteen  have  already 
been  established. 


AMERICAN   SOCIETY  OF  CIVIL   ENGINEERS 

The  annual  meeting  of  the  American  Society  of  Civil  Engineers  will  be  held 
n  the  societv  house,  220  W.  r)7th  St.,  New  York,  on  January  IS  and  19,  1911. 


NATIONAL  MACHINE  TOOL  BUILDERS  ASSOCIATION 

The  ninth  annual  meeting  of  the  National  Machine  Tool  Builders  Associa- 
tion was  held  at  the  Hotel  Astor,  New  York,  October  25  and  26.  The  first  day 
was  entirely  devoted  to  business  and  to  meetings  of  the  several  section  com- 
mittees. At  the  morning  session,  October  26,  the  following  papers  were  read : 
Who  Should  Paj'  the  Expenses  of  a  Representative  from  the  Factory  When 
Sent  out  at  Request  of  the  Dealer  to  Help  Close  the  Deal,  F.  L.  Eberhardt,  Mem. 
Am.Soc.M.E.,  and  C.  H.  Norton.  The  Use  of  Ball  or  Roller  Bearings  in 
Machine  Tool  Construction,  Henry  Hess,  Mem.Am.Soc.M.E.;  Advertising — 
Large  Space  in  a  Few  Papers  vs.  Small  Space  in  a  Niuiiber  of  Papers,  Thomas 
A.  Moore;  Concrete  vs.  Wood  Flooring,  J.  N.  Heald.      Tiie  afternoon  session 
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was  opened  with  addresses  on  the  Design  and  Construction  of  Machine  Tools 
from  the  Users'  Standpoint,  C.  K.  Lassiter,  Mem.Am.Soc.M.E.,  and  John 
Riddell,  Mem.Am.Soc.M.E.  A  striking  commentary  upon  the  work  accom- 
plished during  the  year  is  the  increase  in  membership. 

INTKKNATIONAL   CONGRESS   OF   REFRIGERATION 

The  second  International  Congress  of  Refrigeration  was  held  at  Vienna, 
Austria,  October  5-16,  1910,  and  had  a  large  attendance  of  Americans  who 
were  well  represented  in  the  papers  presented.  Among  these  were,  The  Rela- 
tion of  Micro-Organisms  to  Low  Temperatures,  Edwin  F.  Smith;  New  and 
Improved  Methods  in  Manufacturing  Ice,  Van  Rensselaer  H.  Greene;  Investi- 
gations as  to  the  Efficiency  of  Ammonia  Compressors  when  Running  under 
Dry  and  Wet  System;  Conditions  of  Acceptance,  Various  Tests  of  Mater- 
ials and  Parts  entering  into  the  Construction  of  Refrigerating  Apparatus, 
Peter  NefT;  New  Arrangements  and  Improvements  in  the  Construction  of 
Apparatus  for  Refrigeration,  F.  E.  Mathews;  Transportation  of  Perishable 
Freight  in  America^  E.  F.  McPike.  While  the  meeting  place  of  the  third  con- 
gress had  not  yet  been  decided,  an  invitation  to  hold  it  in  the  United  States 
has  been  extended  to  the  organization  by  President  Taft  and  was  warmly 
seconded  by  the  Americans  present. 

INTERNATIONAL   CONGRESS   OF  MINING,    METALLURGY  AND    PRACTICAL 
GEOLOGY 

An  International  Congress  devoted  to  Mining,  Metallurgy  and  Geology  was 
held  at  Dusseldorf,  Germany,  June  20  to  24,  and  was  attended  by  about  1500 
engineers,  of  whom,  however,  less  than  a  dozen  were  from  North  America. 
The  arrangements  for  the  Congress  were  made  by  a  committee  representing 
the  principal  German  iron  and  steel  manufacturers  in  the  lower  Rhine  district, 
of  which  Dusseldorf  is  a  principal  center,  the  chief  responsibility  being  carried 
by  Dr.  Ing.  H.  C.  Emil  Schroedter,  Secretary  of  the  Verein  Deutscher  Eisen- 
huttenleute,  the  great  German  society  of  iron  and  steel  metallurgists. 

A  long  list  of  papers  was  prepared  for  the  Congress  dealing  with  the  latest 
practice  in  iron  and  steel  metallurgy,  mining  and  practical  geology  and  the 
machinery  used  in  mining  and  in  steel  production.  In  order  to  cope  with  this 
varied  field,  the  Congress  met  in  four  different  sections  for  the  presentation 
and  discussion  of  the  papers  in  these  several  lines  of  work.  The  technical 
sessions  of  the  Congress  took  place  on  Monday,  June  20  and  Tuesday,  June  21. 
While  the  bulk  of  the  papers  read  were  by  German  engineers,  there  were  also 
important  papers  contributed  from  the  United  States  and  Canada  and  from 
England,  France  and  other  European  countries  outside  of  Germany.  The 
complete  papers  and  discussions  at  the  Congress  are  to  be  published  in  a 
bound  volume  at  an  early  day. 

The  remainder  of  the  time  was  devoted  to  excursions  to  iron  and  steel  works, 
mines,  etc.,  in  the  Dusseldorf  district  and  to  enjoyment  of  the  lavish  enter- 
tainment provided  for  the  visitors  by  the  city  of  Dusseldorf.     Over  30  of  the 
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important  iron  and  steel  works,  machine  shops  and  mines  in  the  vicinity  of 
Dusseldorf  were  opened  to  inspection,  and  the  delegates  to  the  Congress, 
divided  into  parties  of  convenient  size,  spent  Wednesday  and  Thursday  in 
visits  to  these  different  establishments. 

On  Tuesday  evening  the  visitors  were  entertained  at  a  dinner  given  by  the 
city  of  Dusseldorf  in  the  Tonhalle,  or  Municipal  Concert  Hall.  On  Wednes- 
day evening  they  were  taken  on  a  steamboat  excursion  on  the  Rhine  conclud- 
ing with  a  general  illumination  of  the  city's  waterfront  and  display  of  fireworks, 
with  Count  Zeppelin  of  dirigible  balloon  fame  as  the  guest  of  honor.  On 
Thursday  the  entire  party  assembled  at  Essen,  where  the  concluding  session 
was  held  in  the  hall  of  the  Rhenish-Westphalia  coal  syndicate.  Addresses  were 
made  by  delegates  from  each  country  participating  in  the  Congress  and  it  was 
stated  that  a  permanent  organization  had  been  formed  which  will  arrange  for 
future  sessions  of  the  Congress,  the  next  one  to  be  held  in  London  in  1915  by 
invitation  of  the  delegates  from  Great  Britain.  After  adjournment  the 
delegates  were  entertained  by  the  city  of  Essen,  at  a  dinner  and  entertain- 
ment in  the  municipal  concert  hall  and  garden.  On  Friday  a  large  number 
of  the  delegates  were  taken  on  an  excursion  to  Brussels,  where  the  Expo- 
sition was  visited. 

The  Society  was  represented  at  the  Congress  by  Vice-President  Charles 
Whiting  Baker  of  New  York,  Editor  of  Engineering  News. 


NATIONAL   SOCIETY   FOR   THE    PROMOTION   OF   INDUSTRIAL   EDUCATION 

The  fourth  annual  convention  of  the  National  Society  for  the  Promotion 
of  Industrial  Education  was  held  in  Boston,  November  17-19,  1910.  Thurs- 
day was  occupied  with  two  sessions,  one  in  the  morning  on  the  subjects,  De- 
mands and  Opportunities  for  Girls  in  Trades  and  Stores,  with  addresses  by 
Dr.  Susan  M.  Kingsbury,  D.  S.  Edwards,  Mrs.  Lucinda  W.  Prince  and  others; 
and  one  in  the  afternoon  on  the  Training  of  Teachers  for  Girls'  Trade  Schools, 
with  Mrs.  Mary  S.  Woolman,  Sarah  Louise  Arnold,  Florence  M.  Marshall,  as 
the  speakers.  On  Thursday  evening  a  public  banquet  was  given  in  the  Hotel 
Somerset  and 'a  welcome  extended  by  the  Lieutenant  Governor  of  Massa- 
chusetts and  by  the  Mayor  of  Boston.  Speeches  were  also  made  by  Frederick 
A.  Delano,  Frederick  P.  Fish,  Chas.  H.  Winslow  and  Prof.  Chas.  R.  Rich- 
ards, Mem.Am.Soc.M.E.,  and  President  of  the  National  Society  for  the 
Promotion  of  Industrial  Education. 

At  the  sessions  of  Friday,  Apprenticeship  and  Corporation  Schools  were  con- 
sidered in  the  morning,  Magnus  W.  Alexander,  Mem.Am.Soc.M.E.,  acting 
as  chairman,  with  addressesby  Tracy  Lyon,  Mem.Am.Soc.M.E.,  F.W.  Thomas, 
Samuel  F.  Hubbard,  George  G.  Cotton,  Mem.Am.Soc.M.E.,  and  G.  M.  Bas- 
ford,  Mem.Am.Soc.M.E.  In  the  afternoon  addresses  on  the  subject  of  Part 
Time  and  Evening  Schools  were  made  by  W.  B.  Hunter,  Adelbert  L.  Safford, 
Frank  B.  Dyer,  Stratton  D.  Brooks  and  C.  A.  Prosser.  Dr.  George  Kezschen- 
steiner,  Superintendent  of  Schools  in  Munich,  delivered  a  lecture  on  Friday 
evening  on  Continuation  Schools  of  Germany.  At  the  concluding  professional 
session  on  Saturday,  the  Social  Meaning  of  Industrial  Education  was  con- 
sidered,   with   T.  N.  Carver,   Chas.  H.  Winslow  and  other"  as  the  speakers. 


GENERAL   NOTES  2155 

The  officers  for  the  ensuing  year,  elected  at  the  annual  business  meeting,  are 
President,  Chas.  R.  Richards,  Mem.Am.Soc.M.E.,  Director  of  Cooper  Union; 
Vice-President,  J.  W.  Lieb,  Jr.,  Mem  Am.Soc.M.E.,  New  York  Edison  Co.; 
Treasurer,  Frederic  B.  Pratt,  Pratt  Institute,  Brooklyn;  Secretary.  Edward  H. 
Reisner,  Columbia  University. 


NEW    YORK    ELECTRICAL    SOCEITY 

The  New  York  Electrical  Society  is  signalizing  the  40th  year  of  its  existence 
by  a  series  of  lectures  on  electricity  and  applied  science.  The  program  com- 
prises addresses  on  Animated  Photography  in  Natural  Colors,  by  Gilbert  H. 
Aymar;  The  Effect  of  the  Telephone  on  Modern  Industrial  and  Social  Life, 
by  Herbert  N.  Casson ;  The  Catskill  Water  Supply,  by  Hon.  Chas.  N.  Chadwick; 
Electricity  at  the  Panama  Canal,  by  David  B.  Rushmore,  Mem.Am.Soc.M.E; 
Hydro-Electric  Development  in  Mexico,  by  F.  O.  Blackwell;  The  Rapid  Tran- 
sit Problem  of  New  York  City,  by  H.  St.  Clair  Putnam;  Wave  Motion  by  Elec- 
tricity and  Other  Energy,  by  Dr.  Chas.  P.  Steinmetz.Mem. Am.Soc.M.E.; 
The  Physics  of  Light  Sources,  by  Dr.  Edward  P.  Hyde;  The  Relation  of  the 
Modern  Incandescent  Lamp  to  the  Central  Station,  by  S.  E.  Doane.  All  of 
these  lectures,  with  the  exception  of  that  by  Mr.  Blackwell  which  will  be  de- 
livered in  the  Hispanic  Society  Building,  will  be  given  in  the  Engineering 
Societies  Building,  and  a  card  of  invitation  can  be  secured  on  application  by 
any  member  of  The  American  Society  of  Mechanical  Engineers  from  the  Secre- 
tary,  Mr.    George  H.    Guy. 

SOCIETY    OF    NAVAL    ARCHITECTS    AND    MARINE    ENGINEERS 

The  eighteenth  general  meeting  of  the  Society  of  Naval  Architects  and 
Marine  Engineers  was  held  in  the  Engineering  Societies  Building,  New  York, 
November  17  and  18.  Among  the  papers  read  were:  Notes  on  the  Armaments 
of  Battle  Ships,  Sir  William  White;  The  Evolution  of  Screw  Propulsion  in  the 
United  States,  Part  2,  Charles  H.  Cramp;  The  History  and  Economic  Value 
of  Canals  with  Special  Reference  to  the  Cape  Cod  Canal,  Jacob  W.  Miller; 
Coaling  War  Ships;  Notes  of  Progress,  Spencer  Miller;  Floating  Dry  Docks  in 
the  United  States;  Relative  Value  of  Wood  and  Steel  for  their  Construc- 
tion, William  T.  Donnelly;  Our  Constitutional  Shipping  Policy  and  the  Com- 
pact for  its  Establishment,  William  W.  Bates;  An  Analysis  of  Tests  of  Water- 
tight Bulkheads,  with  Practical  Rules  and  Tables  for  their  Construction, 
William  Hovgaard;  Comparative  Results  in  Steam  and  Coal  Consumption 
with  Turbines,  Reciprocating  Engines  and  a  Combination  of  the  Two,  on  the 
Steam  Yacht  Vanadis,  Clinton  H.  Grane;  The  Gyroscope  for  Marine  Purposes, 
Elmer  A.  Sperry;  New  Propelling  Machinery  of  the  S.  S.  Creole,  John  F. 
Metten;  Some  Suggestions  for  Reducing  Loss  by  Fire  on  Shipboard,  Samuel 
D.  McComb;  Two  Marine  Installations  of  Producer  Gas  Power,  Charles  B. 
Page. 


PERSONALS 

Alfred  R.  Bench,  formerly  connected  with  the  W.  H.  Zimmerman  Co., 
Chicago,  111.,  has  become  associated  with  the  Taylor  Iron  &  Steel  Co.,  High 
Bridge,  N.  J. 

Joseph  Breslove  has  entered  the  employ  of  the  Nivison-Weiskopf  Co.  Until 
recently  he  was  associated  with  the  Westinghouse  Machine  Co.,  East  Pitts- 
burg, Pa. 

Edwin  H.  Brown  has  formed  a  partnership  with  Edwin  H.  Hewitt  under  the 
firm  name  of  Hewitt  &  Brown,  Architects  and  Engineers,  with  offices  in  Minne- 
apolis, Minn.  Mr.  Brown  was  until  recently  identified  with  the  Cadwell  & 
Brown  Co.,  Minneapolis,  Minn. 

Thurlow  E.  Coon  and  John  DeVisser  have  formed  a  partnership,  under  the 
firm  name  of  Coon-DeVisser  Co.,  with  offices  in  Detroit,  Mich.  They  will  con- 
duct a  general  power  plant  business. 

William  T.  English,  formerly  president  of  the  English  &  Flett  Co.,  Inc. 
Boston,  Mass.,  is  now  president  of  the  Walworth-English-Flett  Co.,  of  the 
same  city,  a  consolidation  of  the  company  with  the  Walworth  Construction  & 
Supply  Co. 

A.  E.  Greene  has  resigned  his  position  as  chief  engineer  of  the  New  Departure 
Manufacturing  Co.,  Bristol,  Conn.,  and  has  opened  an  office  in  Hartford,  Conn. 

Charles  A.  Howard  has  become  identified  with  Gunn,  Richards  &  Co.,  New 
York  as  mechanical  engineer.  He  was  formerly  manager  of  the  turbine  depart- 
ment of  E.  W.  Bliss  Co.,  Brooklyn,  N.  Y. 

R.  M.  Hvid  has  accepted  a  position  with  the  Advance  Thresher  Co.,  Battle 
Creek,  Mich.,  as  engineer  in  charge  of  construction. 

L.  L.  Johnson  has  resigned  his  position  as  gas  engineer  of  the  electrical  de- 
partment of  the  Southern  Pacific  Co.,  San  Francisco,  Cal.,  to  take  up  con- 
sulting engineering  relative  to  gas  power  and  fuel  plants,  with  office  in 
Indianapolis,  Ind. 

W.  A.  Kennedy,  formerly  instructor  of  mechanical  drawing.  Brown  Uni- 
versity, Providence,  R.  I.,  has  become  testing  engineer  of  the  General  Fire 
Extinguisher  Co.,  of  the  same  city. 
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Gompei  Kuwada  has  become  associated  with  the  Osaka  Gas  Co.,  Osaka, 
Japan.  He  was  formerly  superintendent  of  machine  shops,  Kawasaki  Dock 
Yard  Co.,  Kobe,  Japan. 

Kenneth B.Millett  hasentered  the  employ  of  the  Newburghlce  Machine  & 
Engine  Co.,  Newburgh,  N.Y.  Until  recently,  Mr.  Millett  was  factory  super- 
intendent of  the  Protal  Co.,  Bridgeport,  Conn. 

J.  E.  Muhlfeld,  formerly  general  superintendent  of  motive  power  of  the 
B.  &  0.  R.  R.,  Baltimore,  Md.,  has  been  appointed  vice-president  and  general 
manager  of  the  Kansas  City  Southern  Railwa}',  Kansas  City,  Mo. 

C.  D.  Pettis,  formerly  associated  with  the  Hewitt  Manufacturing  Co., 
Chicago,  111.,  has  accepted  a  position  with  the  American  Brake  Shoe  & 
Foundry  Co.  of  the  same  city. 

Hollis  P.  Porter,  recently  president  and  manager  of  the  Schlafli  &  Porter 
Co.,  Houston,  Tex.,  has  accepted  a  position  with  the  Cerro  de  Pasco  Mining 
Co.,  Peru,  S.  A.,  as  chief  engineer  of  power. 

A.  J.  Purinton  has  become  associated  with  the  St.  Joseph  Railway,  I  ight, 
Heat  &  Power  Co.,  St.  Joseph,  Mo.,  in  the  capacity  of  general  superintendent. 
He  was  formerly  manager  for  receiver,  Toldeo  &  Chicago  Interurban  Railway 
Co.,  Kendallville,  Ind. 

Paul  S.  Rattle  has  recently  taken  charge  of  the  pump  and  compressor  depart- 
ment of  the  Mine  &  Smelter  Supply  Co.,  Denver,  Colo.  Mr.  Rattle  was  for- 
merly associated  with  the  Hicks  Locomotive  &  Car  Works  of  the  same  city. 

David  H.  Ray  was  appointed  chief  engineer  of  the  Bureau  of  Buildings  of 
the  Borough  of  Manhattan.  He  was  formerly  associated  with  the  faculty  of 
the  College  of  the  City  of  New  York. 

William  A.  Richards  has  been  placed  in  charge  of  the  machine  shops  of  the 
University  High  School,  University  of  Chicago,  Chicago,  111.,  in  addition  to 
the  forge  and  foundry  which  he  has  had  for  the  last  two  years. 

Wilbur  N.  Sar  Vant  has  accepted  the  position  of  assistant  chief  engineer  of 
the  Standard  Turpentine  Co.  of  Florida,  Jacksonville,  Fla. 

Ernest  B.  Sellew,  formerly  chief  draftsman  of  Potter  &  Johnston  Co.,  Paw- 
tucket,  R.  I.,  has  been  appointed  president  and  manager  of  the  Sellew  Machine 
Tool  Co.  of  the  same  city. 

Charles  P.  Smith  formerly  associated  with  the  General  Electric  Co.,  Lynn, 
Mass.,  has  become  identified  with  the  Lower  Pacific  Mills,  Lawrence,  Mass. 

William  S.  Twining  has  become  identified  with  Ford,  Bacon  &  Davis,  New 
York.  He  was  until  recently  chief  engineer  of  the  Philadelphia  Rapid  Transit 
Co.,  Philadelphia,  Pa. 
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James  A.  White,  formerly  connected  with  the  General  Electric  Co.,  Lynn» 
Mass.,  has  accepted  a  position  with  the  Worcester  Pressed  Steel  Co.,  Worces- 
ter, Mass. 

Alan  G.  Williams  has  been  appointed  general  foreman  of  the  Buffalo  Shops 
of  the  Pennsylvania  R.  R.  Co.  He  was  formerly  night  enginehouse  foreman 
of  the  Co.  at  Oil  City,  Pa. 


ACCESSIONS  TO  THE  LIBRARY 

This  list  lacludes  only  accessions  to  the  library  of  this  Society,  Included  In  the  Engineering 
Library.  Lists  of  accessions  to  the  libraries  of  the  A.  I.  E.  E.  and  A.  I.  M.  E.  can  be  secured  on 
request  from  Calvin  W.  Rice,  Secretary,  Am.  Soc.  M.  B. 

American  Street  and  Interurban  Railway  Accountants  Association. 

1910.     Papers  read  at  Convention  1910.     Gift  of  American  Street  and 

Interurban  Railway  Association. 
American  Street  and  Interurban  Railway  Transportation  and  Traffic 

Association.     Papers  read  at  Convention  1910.     1910.     Gift  of  American 

Street  and  Interurban  Railway  Association. 
AsociAcioN  de  Ingenieros  y  Arquitectos  del  Uruguay.     Revista.    Ano. 

11-1908.     Montevideo,  1908. 
Cambridge  (Mass.)    Water  Board.     Annual  Report  1909-1910.     Cambridge, 

1910. 
Decimal  Association.     Report  of  Debate  on  the  Metric  System  in  the  House 

of  Representatives  of  the  Commonwealth  of  Australia  on  August  4,    1910. 

London. 
Franklin  Institute.     Index  to  the  Journal.    1826-1885.  Philadelphia,  1890. 

Gift  of  H.  R.  Towne. 
Indicator  Handbook.     Ed.  4.     By  C.  N.  Pickworth,    Neiv  York,  1910.    Gift 

of  the  author. 
Memorials  of  the  Lineage,  Early  Life,  Education  and  Development 

OF  the  Genius  of  James  Watt.     By  George  Williamson.     1856.     Gift 

of  George  Tangye,   Esquire. 
Methods  of  Protecting  Embankments  against   Currents  and  Restor- 
ing Them  when  Washed  Out.     Report  of  committee. 
Modern  Equipment  of  Coal  Mines.    By  W.  C.  Mountain.    Paper  read  be- 
fore the   Indian  Section   of  the  Institution  of  Mechanical   Engineers, 

January  26,   1910. 
Monographie  sur  L'Etat  Actuel  de  L' Industrie  du  Froid  en  France. 

Congres  de  Vienne,  October  1910.     Paris,  1910.     Gift  of  J.  C.  Bertsch. 
New  Orleans.     Sewerage  and  Water  Board.     21st   Semi-Annual    Report. 

1910.    Gift  of  the  board. 
World  Corporation.    By  K.  C.  Gillette.     Boston,  New  England  News  Co., 

1910.    Gift  of  the  author. 

EXCHANGES 

American  Street  and  Interurban  Railway  Engineering  Association. 
Papers  read  at  Convention,  1910. 

Engineers  Society  of  Western  Pennsylvania.  Proceedings,  vol.25.  Pitts- 
burgh, 1909. 
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Engineers  Society  of  Western  Pennsylvania.     Charter,  By-Laws,  List 

of  Members,  September  15,  1910.     Pittsburgh,  1910. 
Institution    of    Civil    Engineers    op    Ireland.     Transactions,     vol.    36. 

Dublin,  1910. 
The  Transit,  vol.  14,  15.    Iowa  City,  1909,  1910. 

GIFT  OF  MR,  J.   C.   BERTSCH 

APERgU  SOMMAIRE  DE  l'eTAT  ACTUEL  DE  l' APPLICATION  DU  FrOID  AU  COM- 
MERCE ET  A  l'Industrie  EN  RussiE.      St.  Petersburg,  1910. 

Berichte  an  den  Zeiten  Internationalen  Kaltekongress  in  Wien  1910. 
Kopenhagen,  1910. 

Eis  UND  IO.LTE  Industrie  vol.  12,  no.  10.     October  1910. 

Congrejs  International  des  Industries  Frigorifiques,  Vienne,  6-11. 
Octobre  1910.  Notice  sur  I'industrie  frigorifique  des  viandes  dans  la 
Republique  Argentine.     Buenos  Ayres,  1910. 

L'Industrie  Frigorifique.    April  1910.     Paris,  1910. 

Internationalen  IDLltekongresses.     Wien,  1910.    Bulletin  no.  5-7,  1910. 

IQlLte  Industrie,  vol.  7.  number  10.     October  1910.     Hamburg,  1910. 

Kuhlanlagen  der  K.  K.  Reichshaupt  and  Residenzstadt  Wien. 

Transports  des  Denrees  Perissables  sur  le  Reseau  Ferre  de  l'Empire 
RussE.     Par  D.  de  Golovnine.     Moscow,  1910. 

tJBER  DIE  OeKONOMIK  UND  StATISTIK  DER  WaRMEWIRTSCHAFT  BEI  DER  KuNST- 

LicHEN  Kalteerzeugung.    St.  Petersburg,  1910. 
Zeitschrift  FtJR  Eis   UND   Kalte   Industrie  vol.  3,    no.  4,  October  1910. 

Vie?ma,  1910. 
Zeitschrift   fijr   die  Gesammte    Kalte   Industrie,    vol.  17,  number   10. 

Munich,  1910. 

INTERNATIONAL  REFRIGERATION  CONGRESS    (2d),   VIENNA   1910 

Abattoirs  and  Markets  of  Prague.     By  Em.  Stehlik. 
Alimentation  des  Nations.     By  A.  de  Wendrich. 

AnWENDUNG    DER    KaLTE    BEI    DER    ErZEUGUNG     VON    AzOFARBSTOFFEN.      By 

Daniel  Rittermann. 

Anwendung  der  Ivalte  bei  der  Behandlung  von  Hautkrankheiten. 
By  Eduard  Schiff. 

Die  Anwendung  der  Kalte  in  der  Chirurgie.     By  Hans  Lorenz. 

Die  Anwendung  der  Kalte  in  der  Margarine-fabrikation.     By  F.  Barth. 

Anwendung  kunstlicher  kalte  in  HtJTTENWERKEN.  By  R.  C.  A.  Ban- 
field. 

Anwendung  und  Einrichtung  von  Ozonapparaten  in  Kuhlraijmen.  By 
Alois  Schwarz. 

Application  of  Artificial  Cold  in  the  Manufacture  of  Parraffin  in 
Austria-Hungary.     By  Philipp  Porges. 

Application  of  Artificial  Cold  in  Plant  Cultivation.     By  P.  de  Vries. 

Application  of  Cold  in  Oil-Gas  Producer  Plants.     By  J.  Reidrer. 

Application  of  Low  Temperatures  to  the  Curing  and  Storage  of  Ched- 
dar Cheese.     By.  S.  M.  Babcock. 
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Application  of  Refrigeration  to  the  Glue  and  Gelatine  Industry.     By 

Paul  Cavalier. 
Application  of  Refrigeration  to  the  Retarding  of    Plants  and  the 

Preservation  of  Flowers.     By  L.  C.  Corbett. 
Application  of  Refrigeration  to  the  Raw  Materials  of  the  Perfumery 

Industry.     By  Paul  Jeancard. 
Arrangement  and  Management  of  Open-Air  Artificial  Ice    Rinks.     By 

E.   Engelmann. 
Artificial  Production  of  Low  Temperature  in  the  Biological  Experi- 
menting Establishment.     By  H.  Przibram. 
Bedeutung  und  Anwendung  niedriger  Temperaturen  in  der  Textilin- 

dustrie.     By  F.  Erban. 
Beer  Transport  on  Railways.     By  Alois  Holitsch. 
Changes  in  the  Physical  and  Morphological  Conditions  of  Food  Stuffs 

(meat  fish  and  milk)  by  Cold.     By  Dr.  Butzler. 
Cold  Technics  in  Connection  with  the  Paraffin  Industry  in  Holland 

and  the  Dutch  Colonies.     By  E.  S.  Kerkhoven. 
Cold  Without  Fuel,  and  its  Consequences.    By  Ch.  Tellier. 
Conditions  of  Acceptance,  Various  Tests  (resistance,  stanchness,  etc.) 

of  the  Materials  and  Parts  Entering  into  the  Construction  of 

Refrigerating  Apparatus.     By  Peter  Neff. 
Effect  of    Cold    Storage    upon    the    Bacteriological    and    Chemical 

Changes  in  Milk  and  Butter.     By  Chas.  E.  Marshall. 
Effect  of  Low  Temperatures  on  the  Life  Process  of  Fruits  and  on  the 

Rate  of  Fermentation  of  Cider.     By  H.  C.  Gore. 
Einfuhr  und  Ausfuhr  von  Fleisch  in  den  Verschiedenen  Landern  und 

Beantwortung  der  Frage:    ist  fur  die  Niederlande  die  Einfuhr 

VON  gefrorenem  und  gekuhltem  Fleisch  aus  dem  Auslande   Wun- 

schenswert.     By  F.  B.  Lohnis  and  D.  A.  de  Jong. 
Elektrischen  Fernthermometer.     By  J.  Rautenkrantz. 
Experiments  on  Dry  and  Wet  Compressor  Procedure  of  Condensing 

Cold  Steam  Machines.     By  Adolph  Tegetmayer. 
La  Fabrication  de  la  Glace.     By  Mr.  Sandras. 
Fabrikationsprozesse,    welche    zur    Gewinnung    von  Paraffin  unter 

VERWENDUNG   von   KuNSTLICHER   liiLTE   DIENEN. 

Fleischfrage  und  Kalte-industrie.     By  Eugen  Vamos. 

Handling  Ice  at  Ice  Plants  and  Car  Icing  Stations.     By  H.  B.  Wood. 

Importance  of  Refrigeration  for  Foods  with  Special  Consideration 

OF  Milk.     By  Hans  Messner. 
Improved  Method  of  Packing  Gutted  Fish  for  Transport  and  Keeping 

IT  Fresh  and  Sweet  for  a  Long  Time.     By  A.  Soiling. 
Influence  and  Application  of  Cold  in  Mercerising.     By  A.  Kirchacker. 
Installations  Frigorifiques  de  la  Ville  de  Prague.     By  Louis  Cizek. 
Instruction  in  Cold  Technics  in  Holland.     By  M.  de  Haas. 
International  Refrigeration  Congress,   Vienna,   1910.     Programme  of 

the  Commission  on  Transportation.     By  R.  Bloch. 
Investigations  as  to  the  Efficiency  of    Ammonia  Compressors  when 

Running  under  Dry  and  Wet  Conditions.     By  T.  Shipley. 
Kontrolle  der  KiJHLANLAGEN.     By  E.  Jalowetz. 
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KfJHLANLAGEN  ALS  AkKUMULATOREN  FUR  DIE  ArMEEVERSORGUNG  IM  FeLDE. 

By  H.  Heiss. 

Manufacture  of  Crystal  Ice  from  Exhaust  Steam  and  the  Practical 
Results  Obtained  by  this  Process.     By  R.  C.  A.  Banfield. 

New  and  Improved  Arrangements  in  the  Installation  and  Operation 
of  Ice  Factories.     By  Van  R.  H.  Green. 

New  Arrangements  and  Improvements  in  the  Construction  of  Appa- 
ratus FOR  Refrigeration,  Results  OF  Experiments  Thereon.  By  F. 
E.  Matthews. 

Die  Organization  der  Kalte-Vereine.     By  Alois  Schwarz. 

Possibility  of  Employing  Turbo-Blowers  as  Cooling  Machine  Con- 
densers.    By  Hans  Lorenz. 

Precooling  op  Fruit  in  the  United  States.     By  S.  J.  Dennis. 

Refrigerating  Plants  on  Ships.     By  H.  Wagner. 

Refrigerationand  Ventilation  OF  Inhabited  Places.     By  H.  Torrance,  Jr. 

Relation  of  Micro-Organisms  to  Low  Temperatures.     By  E.  F.  Smith. 

Shaft  Sinking  by  Freezing  Process.     By  Franz  Drobniak. 

Superheated  Vapors  Employed  in  Refrigeration.     By  J.  E.  Siebel. 

Statistics  of  Refrigerated  Transportation.     By  M.  A.  de  Wendrich. 

Transportation  of  Perishable  Freight  in  America.     By  E.  F.  McPike. 

Untersuchungen  iJBER  die  Konservierung  von  Pferdefleisch  Mittels 
Kalte  und  de^en  Verwendung  zu  Nahrungszwecken. 

Use  of  Cold  in  the  Pharmaceutic  Products  Industry.     By  E.  Tassilly. 

Use  of  Cold  for  Destroying  Tobacco  Worm.     By  G.  Poock. 

VeRSICHERUNGSWESEN     in     SEINEM    ZuSAMMENHANGE    MIT   DER     IvALTEINDUS- 

TRIE.     By  Emil  Regen. 
Warmth  Conduction  of  Pulverous  Bodies  and  a  New  System  of  Warmth 

Isolation  Based  Thereon.     By  M.  V.  Smoluchowski. 
Was  Soll  man  unter  dem  OekonomischenWirkungsgrad  einer  Ivalte- 

maschine  Verstehen.     By  A     By  A.  Satkewitsch.     Berlin,  1910. 
Welche  Anspruche  Sind  an  einen  guten  "K^iJHLWAGEN  zu  Stellen. 

ZWECKMASSIGE  KuHLANLAQEN  AN  MODERN  EiNGERICHTETEN  SCHLACHTHOFEN. 

By  Mr.  Dohmann. 

TRADE  CATALOGUES 

Bristol  Co.,  Waterhurxj,  Conn.  Bull.  No.  126,  Class  II  recording  thermometers, 
314;  Bull.  No.  128,  Round  form,  class  II,  8-inch,  recording  thermometers, 
3  pp.;  Bull.  No.  129,  Thermometer,  Thermostats,  classes  I,  II  and  III, 
7  pp.;  Bull.  No.  135,  Recording  shunt  ammeters  for  all  ranges  of  direct 
current,  7  pp. ;  Bull.  No.  141,  Round  form  recording  pressure  gages,  11pp. ; 
Bull.  145,  class  II  indicating  thermometers,  1  pp.;  Bull.  No.  146,  Long- 
distance recording  tachometers,  1  p.;  Bull.  No.  147,  Bristol-Durand  radii 
averaging  instrument,  3  pp. 

Buff  &  Buff  Mfg.  Co.,  Boston,  Mass.  High  grade  engineering,  surveying, 
and  mining  instruments,   117  pp. 

Builders  Iron  Foundry,  Providence,  R.  I.  Venturi  hot  water  meter  for 
boiler  feed,  etc.,  16  pp. 
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Caldwell  Economy  (  o.,  N.eiv  York.     Westover  multiple  record  CO2  recorder, 

4  pp. 
Champion  Rivet  Co.,  Cleveland,  0.  Boiler,  ship,  and  structural  rivets,  83  pp. 
C.  &  G.  Cooper  Co.,  Mount  Vernon,  0.     Seventy-five  years  of  engine  build- 
ing; a  history  of  the  Cooper  works  and  their  products,  50  pp. 
Hess-Bright  Mfg.  Co.,  Phila.,  Pa.   Ball  bearings  and  their  correct  use,  5  pp. 
Industrial  Instrument  Co.,   Foxboro,  Mass.      Foxboro    Recorder  vol.   4, 

No.  2,   14  pp. 
H.  W.  Johns-ManvilleCo.,  Cleveland,  0.    J.-M.  Packing  E.xpert,  October  1910, 

4  pp.;  J.-M.  Roofing  Salesman,  November  1910,  8  pp. 

J.  Geo.   Leyner  Engrq.,  Works  Co.,  Littleton,   Colo.     Bull.   No.   1024, 

Leyner  stoppers,  dry  pattern  for  solid  steel,  10  pp. 
National  Electric  Lamp  Assoc,  Cleveland,  0.     Bull.  No.  13,  Mazda  multiple 

lamps,  19  pp.;  Bull.  No.  14,  Hylo-economical,  turn-down  electric  lamps, 

11pp. 
North  Western  Expanded  Metal  Co.,    Chicago,   III.      Designing  data   II 

for  reinforced  concrete,  46  pp. 
Osgood  Scale  Co.,  Birmingham,  N .  Y .     Standard  scales  of  all  styles,  94  pp. 
Standard  Underground  Cable  Co.,  Pittsburg,  Pa.    Handbook  of  price  lists, 

228  pp. ;  Leaflets  on  wires  and  cables,  26  pp. ;  Varnished  cloth  insulated 

wire  and  cable,  12  pp.;  Open  air  cable  terminals,  8  pp.;  Colonial  copper 

clad  wire,  32  pp.;  Joints  and  jointing  material,  20  pp. 
Terry  Steam  Turbine  Co.,  Hartford,  Conn.     Bull.  No.  7,  Three  bearing  type 

gas  blower  set,  7  pp. 
Texas  Co.,  Houston,  Texas.    What  is  asphalt,  8  pp.;  Texaco  paving  filler, 

16  pp.;  Texaco  paving  cement,  15  pp.;  Texaco,  the  road  builder,  18  pp. 
Underfeed   Stoker   Co.   of  America,  Chicago,  III.      Publicity  Magazine, 

November,  1910,  15  pp. 

UNITED   ENGINEERING  SOCIETY 

Engineering  News.     Index  1905-1909.    New  York,  1910. 

Kelley's  Directory  of  Engineers  and  Iron  and  Metal  Trades.     1909. 

London,  1909. 
Modern  Achievement.     Vol.   1-10.    New  York.     Gift  of  J.  A.  Coles. 
Moody's  Manual  of  Railroads  and  Corporation  Securities.     1910.    New 

York,  1910. 
New  Century  Reference  Library.     Vol.  1-8.     New  York,  1910.     Gift  of 

J.  A.  Coles. 
Science-History  of  the  Universe.     Vol.  1-10.    New  York,  1910.     Gift  of 

J.  A.  Coles. 


EMPLOYMENT  BULLETIN 

The  Society  has  always  considered  It  a  special  obligation  and  pleasant  duty  to  be  the  medlun. 
of  securing  better  positions  for  Its  members.  The  Secretary  gives  this  his  personal  attention 
and  is  most  anxious  to  receive  requests  both  for  positions  and  for  men  available.  Notices  are 
not  repeated  except  upon  special  request.  Copy  for  notices  In  this  Bulletin  should  be  received 
before  the  12th  of  the  month.  The  list  of  men  available  Is  made  up  of  members  of  the  Society 
and  these  are  on  file,  with  the  names  of  other  good  men  not  members  of  the  Society,  who  are 
capable  of  filling  responsible  positions.      Information  will  be  sent  upon  application. 


POSITIONS  AVAILABLE 

057  Instructor  in  kinematics  wanted  in  an  eastern  college,  to  give  text 
book,  lecture  and  drawing  room  course  in  the  subject.  In  applying  state 
technical  education  and  practical  experience,  references  and  salary  expected. 

058  Large  manufacturing  company  in  Pennsylvania,  organizing  a  depart- 
ment of  engineering  sales,  offers  opportunities  in  this  department  to  three  or 
four  bright,  hustling,  young  engineers.  Accepted  applicants  will  be  required 
to  spend  a  few  months  in  drawing  room  and  shops  prior  to  taking  up  work  as 
traveling  sales  engineers.     Salary  to  commence,  $800  to  $1000  a  year. 

059  Member,  engaged  in  inspection,  investigations  reports, etc.,  desires  to 
communicate  with  one  who  would  buy  an  interest  in  present  businesstowhich 
another  specialty  might  be  added. 

060  Competent  engineer,  good  draftsman  and  designer  with  experience 
in  steam  and  power  pump  construction.     Location  Michigan. 


MEN  AVAILABLE 

143  Technical  graduate  in  mechanical  engineering  and  manual  training 
school, — Junior  member,  married, — four  years'  experience,  engaged  in  special 
work  in  large  industrial  plant,  nature  to  be  of  benefit  in  almost  any  line.  De- 
sires change  of  position,  permanency  sought. 

^  144  Stevens  graduate,  17  years  experience,  design,  construction  and  man- 
agement of  manufacturing  plants,  patents,  cost  system,  purchasing;  specially 
interested  in  economics,  organization  and  reduction  of  costs,  from  boiler  room 
to  finished  product.  Desires  position  in  executive  capacity,  with  a  new  busi- 
ness or  one  needing  reorganizing,  prefer  New  York  City.  If  satisfactory 
would  invest  in  the  undertaking. 
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145  Mechanical  engineer,  graduateStevens  Institute  of  Technology;  execu- 
tive ability,  experience  in  industrial  engineering  and  factory  management, 
design,  construction  and  supervision  of  complete  power  plant  equipment; 
successful  commercial  engineer;  at  present  holding  a  managerial  position, 
wishes  to  represent  or  become  associated  with  a  firm  in  New  York  preferred 
where  initiative  and  business  ability  coupled  with  technical  education  will 
lead  to  executive  responsibility.     Best  of  references. 

146  Member  desires  position  as  general  superintendent,  representative, 
or  consulting  engineer  in  Boston  or  other  New  England  manufacturing  con- 
cern, devoting  all  or  part  of  time. 

147  Associate  Member,  American,  married,  successful  experience  as 
machinist,  tool  and  model  maker,  foreman  and  works  manager,  broad,  practi- 
cal experience  as  manufacturer  of  instruments  of  precision,  tools  and  jigs  for 
the  rapid  out-put  of  parts  in  manufacturing;  over  six  years  varied  experience, 
building,  starting  new  factories  and  selling  in  the  Orient;  open  for  a  position 
in  an  executive  capacity  or  superintendent.  Location  no  object.  Would 
travel. 

148  Young  engineer.  Junior  member,  Stevens  graduate,  married,  experience 
in  operation  end  of  manufacturing  concerns,  erection,  maintenance  and  repairs 
of  steel  mills,  decorticating,  saw  mill,  textile,  coal  handling,  and  power  plant 
machinery.  Desires  position  in  executive  capacity  with  concern  manufactur- 
ing machinery  in  these  or  associated  lines.     Location  East  or  Middle  West, 

149  Sales  engineer,  would  consider  position  where  knowledge  of  machinery 
and  mill  supply  trade  of  the  United  States  and  Canada  is  essential;  seven  years 
varied  engineering  experience;  six  years  in  selling  end.  Experience  in  corre- 
spondence and  design  of  selling  contracts. 

150  Veteran  engineer  and  sales  office  manager  for  over  twenty  years  de- 
sires position  where  acquaintanceship  and  standing  among  fellow  members 
and  thorough  understanding  of  steam  specialty  business  will  be  of  value  in 
improving  or  putting  product  on  market.     Practical  mechanic. 

151  Superintendent  and  works  manager,  thoroughly  capable  in  every  de- 
partment, desires  change.  Technical  and  practical  education,  long  experience 
in  handling  men,  shop  accounting,  special  engineering,  foundry  and  shop 
management.  At  present  in  charge  of  large  plant  manufacturing  transmission 
machinery  and  large  jobbing  line. 

152  New  York  member,  twenty-five  years  practical  experience  in  steam 
engineering,  designing,  contracting  for  installing  and  operating  steam  power 
and  heating  plants.  Technical  education.  Desires  position  as  engineer  in 
charge  or  would  associate  with  capitalist  or  company  to  contract  for  above 
work. 
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153  Graduate  civil  engineer  with  general  railroad  field  work,  construction 
and  maintenance  of  way;  three  years  in  engineering  department  of  large 
electrical  company,  two  in  full  charge  of  structural  department ;  held  positions 
as  chief  draftsman  in  charge  of  all  classes  of  work,  handling  complete  designs 
of  power  stations,  etc.,  structural  engineer,  consulting  engineer  or  superinten- 
dent of  construction. 
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CHANGES  OF  ADDRESS 

ABRAHAIVIS,  M.  Landa  (Junior,  1910),  2106  Arch  St.,  Philadelphia,  Pa. 
ALLEN,  John  Robins  (1984;  1903),  Prof.  Mech.  Engrg.,  221  New  Engrg.  Bldg., 

Ann  Arbor,  Mich. 
ANDERSON,  Emanuel  (Associate,  1907),  5301  Kenmore  Ave.,  Chicago,  111. 
ARMSTEAD,  Frank  C.  (1906),  Engr.  Stoker  Dept.,  Westinghouse  Mch. 

Co.,  165  Broadway,  New  York,  and /or  mail,  1085  E.  17th  St.,  Brooklyn, 

N.  Y. 
BANFIELD,  Frederic  E.,  Jr.  (Junior,  1909),  Mech.  Engr.,  Saco  &  Petee  Mch. 

Co.,  and /or  mail  17  Woodward  St.,  Newton  Highlands,  Mass. 
BASINGER,  James  G.  (1907),  Civ.  Engr.,  52  Broadway,  New  York,  and  181 

Bowne  Ave.,   Flushing,   L.   I.,   N.  Y. 
BEDELL,  Edgar  Harrington  (Junior,  1910),  216  Mt.  Prospect  Ave.,  Newark, 

N.  J. 
BENCH,  Alfred  Rittscher  (Junior,   1907),  Taylor  Iron  &  Steel  Co.,  High 

Bridge,  N.  J. 
BEVIN,  Sydney  (Junior,  1909),  150  W.  76th  St.,  New  York,  N.  Y. 
BORDE,  George  U.  (1909),  Cons.  Engr.,  820-822  Hibernia  Bldg.,  New  Orleans 

La. 
BRAINE  Bancroft  G.  (1896;  1905),  Engr.,  Rail  Joint  Co.,  185  Madison  Ave., 

New  York,  and  67  First  PI.,  Brooklyn,  N.  Y. 
BRAUN,  Carl  F.  (Junior,  1907),  Pres.,  Braun,  Williams  &  Russell,  Inc.,  503 

Market  St.,  S.  E.,  San  Francisco,  Cal. 
BRENNER;  Wm.  H.  (1897),  210  Simpson  St.,  Atlanta,  Ga. 
BROWN,  Edwin  Hacker  (Junior,  1903),  Member  of  Firm,  Hewitt  &  Brown,  716 

Fourth  Ave.,  S.,  and  2303  Pleasant  Ave.,  Minneapolis,  Minn. 
BROWN,  Walter  Ellsworth  (Junior,  1910),  Asst.  Engr.  and  Supt.,  Penn  Motor, 

Car  Co.,  7510  Thomas  Blvd.,  Pittsburg,  Pa. 
BRYAN,  William  H.  (1891),  Cons.  Mech.  and  Elec.  Engr.,  418-419  Title  Guar- 
anty Bldg.,  and  5718  Vernon  Ave.,  St.  Louis,  Mo. 
BURGESS,  A.  Bradley  (Junior,  1901),  Engr.,  Standard  Plunger  Elev.  Co., 

Worcester,  Mass. 
CARLE,  Nathaniel  A.   (1907),  Cons,  and  Contr.  Engr.,  709  Central  Bldg., 

Seattle,  Wash. 
COLLIER,  Wm.  H.  (1901;  1904),  Mgr.,  So.  Motor  Wks.,  Nashville,  Tenn. 
COLWELL,  James  V.  V.    (1903),  Life  Member;   Mgr.  N.  E.  Dept.,  Heine 

Safety  Boiler  Co.,    Rm.  302,  201  Devonshire  St.,  Boston,  Mass.,  and  1765 

Sedgwick  Ave.,  New  York,  N.  Y. 
COOK,  John  P.  (Junior,  1906),  31  Garfield  PI.,  Albany,  N.  Y. 
COON,  Thurlow  E.  (Junior,  1908),  Partner,  Coon-DeVisser  Co.,  1801   Ford 

Bldg.,  and  55  Leicester  Court,  Detroit,  Mich. 
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DURANT,  Aldrich  (Junior,  1906),  120  E.  31st  St.,  New  York,  N.  Y.,  and  9 

Lowell  St.,  Cambridge,  Mass. 
ENGLISH,  William  T.  (1902),  Pres.,  Walworth-English-Flett  Co.,  100  Pearl 

St.,  Boston,  and  185  W.  River  St.,  Hyde  Park,  Mass. 
FIEUX,  Ernest  D.  (Junior,  1907),  Pres.  and  Treas.,  L.  J.  Wing  Mfg.  Co.,  90 

West  St.,  New  York,  and  for  mail,  Commonwealth  Ave.,  Chester  Hill 

Park,  Mt.  Vernon.  N.  Y. 
GAEHR,  David  (1902;  1909),  Contr.  Engr.,  950-952  Rockefeller  Bldg.,  and 

2626  E.  75th  St.,  Cleveland,  0. 
GAMPER,  Herman  (1900),  Supt.,  Munic,  Ltg.  Dept.,  and /or  mail,  377  W.  9th 

Ave.,  Columbus,  O. 
GORE,  Warren  W.  (1908),  Exper.  Engr.,  Fairbanks,  Morse  Mfg.  Co.,  and /or 

mail,  911  Harrison  Ave.,  Beloit,  Wis. 
GREENE,  Augustine  E.  (1909),  Mill  Engr.,  60  Prospect  St.,  Hartford,  Conn. 
GUY,  Albert  Emile  (1905),Mech.  Engr.,  E.  Hamilton  Ave.,  R.  F.  D.  3,  Trenton, 

N.  J. 
HARTER,   Isaac,  Jr.    (Associate,   1908),  Babcock  &  Wilcox  Co.,  Bayonne, 

N.  J. 
HEALY,  Frederick  E.  (1906),  Mech.  Engr.  and  Spec.  Agt.,  Alberene  Stone 

Co.,  New  York,  N.  Y.,  and/or  mail,  1350  Monroe  St.,  N.  W.,  Washington, 

D.  C. 
HEISLER,  Charles  L.  (1895),  323  Glenwood  Blvd.,  Schenectady,  N.Y. 
HERBERT,  Jack  Stanley  (1908),  V.  P.  and  Ch.  Engr.,  Penn  Motor  Car  Co., 

7510  Thomas  Blvd.,  Pittsburg,  Pa. 
HIGGINS,  Albert  W.   (Associate,  1906),  106  Wenham  Ave.,  Grand  Rapids, 

Mich. 
HOFMEYER,  George  August  (Associate,  1905),  Cons.  Engr.,  207  W.  2-4th  St., 

and  for  mail,  145  W.  16th  St.,  New  York,  N.  Y. 
HOLLOW  AY,  Thurman  Welf  ord  (Junior,  1906),  Internatl.  Corr.  Schools,  Ltd., 

Scranton,  Pa. 
HOWARD,  Chas.  Alton  (Junior,  1907),  Mech.  Engr.,  Gunn,  Richards  &  Co., 

43  Wall  St.,  New  York,  N.  Y. 
HURD,  Charles  Henry  (1902),  Mech.  and  Hyd.  Engr.,   113   Monument  PL, 

Indianapolis,  Ind. 
HURLEY,  Daniel  (Junior,  1904),  Watertown  Arsenal,  Watertown,  Mass.,  and 

42  E.  Manning  St.,  Providence,  R.  I. 
JAQUAYS,  Homer  Morton   (1899;  1903),  Montreal  Rolling  Mill  Co.,  3106 

Notre  Dame  St.,  Montreal,  and /or  mail,  645  Grosvenor  Ave.,  Westmount, 

P.  Q.,  Canada. 
JOHNSON,  Warren  (Associate,   1904),   Cons.  Engr.,  122  Carondelet  St.,  and 

6209  Howard  St.,  New  Orleans,  La. 
JURGENSEN,  Jess  Christian  (Associate,  1905),  114  Main  St.,  Hackensack, 

N.  J. 
KENNEDY,  William  A.  (Junior,  1908),  Testing  Engr.,  Genl.  Fire  Extinguisher 

Co.,  and /or  mail,  31  Forest  St.,  Providence,  R.  I. 
KEYES,  Frederic  H.  (1902),  88  Broad  St.,  Boston,  Mass. 
KING,  W.  Grant  (1894;  1904),  V.  P.  and  Genl.  Mgr.,  King  Sowing  Mch.  Co., 

90  Welland  St.,  Buffalo,  N.  Y. 
KUWADA,  Gompei,  (1900),  Osaka  Gas  Co.,  Osaka,  Japan. 
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LOUER,  Lewis  S.  (Associate,  1900),  Western  Mgr.,  Engrg.  Record,  1570  Old 

Colony  Bldg.,  Chicago,  111. 
McCREERY,  James  Harold  (Junior,  1910),  802  Atlantic  Bldg.,  49  Wall  St., 

New  York,  N.  Y.,  and /or  mail,  415  W.  7th  St.,  Plainfield,  N.  J. 
McMULLIN,  Frank  V.  (1903),  United  Eng.  &  Fdy.  Co..  2313  Farmers  Bank 

Bldg.,  Pittsburg,  Pa. 
MacGILL,  Charles  Frederick  (1896),  1489  Minnehaha  Ave.,  St.  Paul,  Minn. 
MANLEY,  Sumner  Marshall  (Junior,  1907),  M.  M.,  Proctor  &  Gamble  Co., 

and /or  mail,  3616  Jefferson  St.,  Kansas  City,  Mo. 
MARSHALL,  Stewart  McCulloch    (1907;  1910),    Asst.  Ch.  Engr.,  Cambria 

Steel  Co.,  and /or  mail,  134  Tioga  St.,  Johnstown,  Pa. 
MARTENS,  Ferdinand  (1885),  care  Dr.  H.  Joachim,  Hofweg  13,   Hamburg, 

Germany. 
MILLETT,  Kenneth  Ballard  (Junior,  1908),  Newburgh  Ice  Mch.  &  Eng.  Co., 

and /or  tnail,  P.  O.  Box  243,  Newburgh,  N.  Y. 
MOULTHROP,  Leslie  (Associate,  1891),  Receiver,  Dwight  Slate  Mch.  Co., 

and  for  mail,  620  Orange  St.,  New  Haven,  Conn. 
HULFELD,  John  E.  (1908),  V.  P.  and  Genl.  Mgr.,  Kansas  City  So.  Ry.,  Thayer 

Bldg.,  Kansas  City,  Mo. 
MULLER,  Edward  A.  (1890),  Secy,  and  Mgr.,  King  Mch.  Tool  Co.,  Winton 

PL,  and /or  7nail,  501  Mitchell  Ave.,  Avondale,  Cincinnati,  O. 
NELSON,  Eric  Hugo  (1909),  Ch.  Draftsman,  Geo  F.  Blake  Mfg.  Co.,  Cam- 
bridge and /or  mail,  15  Montague  St.,  Arlington  Hgts.,  Mass. 
NEWCOMB,  Robert  Scott  (Junior,  1909),  Draftsman,  Griscom-Spencer  Co., 

Jersey  City,   and  for  mail,  Palisade,  N.  J. 
NORDMEYER,  Louis  C.  (Junior,  1899),  Secy,  and  Treas.,  Tait-Nordmeyer 

Engrg.  Co.,  1012  Liggett  Bldg.,  and  4256  Shenandoah  St.,  St.  Louis,  Mo. 
PARKER,  Levin  S.  (1908),  Mech.  Engr.,  Atlantic,  Gulf  &  Pacific  Co.,  2407 

Park  Row  Bldg. ,  New  York,  and  for  mail,  1814  Ave.  J. ,  Flatbush,  Brooklyn, 

N.  Y. 
PETTIS,  Clifton  D.  (1905),  Amer.  Brake  Shoe  &  Fdy.  Co.,  1414  McCormiok 

Bldg.,  Chicago,  111. 
PITKIN,  Arthur  Frederick   (Junior,   1907),  Asst.  Mech.   Supt.,  Genl.  Elec. 

Co.,  and  35  Waverly  PL,  Schenectady,  N.  Y. 
POMEROY,  Harry  D.  (1892;  1904),  512  Dillaye  Bldg.,   and  110  Baker  Ave., 

Syracuse,  N.  Y. 
PORTER,  Hollis  P.  (1910),  Ch.  Engr.  of  Power,  Cerro  de  Pasco  Min.  Co., 

La  Fundicion,  Peru,  S.  A. 
PURINTON,  Arthur  James  (1893),  Genl.  Supt.,  St.  Joseph  Ry.,  Light,  Heat 

&  Power  Co.,  St.   Joseph,  Mo. 
RATTLE,  Paul  S.  (Junior,  1908),  Charge  of  Pump  and  Compressor  Dept., 

Mine  &  Smelter  Supply  Co.,  17th  and  Blake  Sts.,  Denver,   Colo. 
RAY,  David  H.  (Associate,  1904),  Ch.  Engr.,  Bureau  of  Bldgs.,  Borough  of 

Manhattan,  220  Fourth  Ave.,  New  York,  N.  Y. 
RICHARDS,   William  A.  (Junior,  1903),  Charge  of  Mch.  Shops,  Forge  and 

Fdy.,  Univ.  H.  S.,    Univ.  of  Chicago,  Chicago,  IlL 
SAR  VANT,  Wilbur  Nason  (Junior,  1907),  Asst.  Ch.  Engr.,  Standard  Turpen- 
tine Co.  of  Fla.,  1016  Atlantic  Natl.   Bank  Bldg.,    and  for  mail,   29  W. 

Monroe  St.,  Jacksonville,  Fla. 


2170  CHANGES    OF    ADDRESS 

SELLEW,  Ernest  B.  (Associate,  1907),  Pres.  and  Mgr.,  Sellew  Mcli.  Tool  Co. 

Pawtucket,  R.  I. 
SHERMAN,  W.  D.  (1907),  Huston  Concrete  Co.,  Zulueta  46,  Havana,  Cuba. 
SLAUSON,  Harold  W.  (Junior,  1908),  Assoc.  Editor,  Recreation,  24  W.  39th 

St.,  New  York,  and  for  mail,  cor.  S.  Broadway  and  Post  St.,  Yonkers, 

N.  Y. 
SMITH,  Allen  C.  (1902),  Ch.  Mech.  Designer,  Ottis  Elev.  Co.,  Yonkers,  N.  Y. 
SMITH,  Charles  P.  (Junior,  1888),  Lower  Pacific  Mills,  and /or-  mail,  48  Olive 

Ave.,  Lawrence,  Mass. 
SMITH,  Roy  B.  (Junior,  1905),  Inspr.,  Pa.  Lines  West,  and/or  viail.  The  Nor- 

mandie,  Columbus,  O. 
SMITH,  William  E.  (Junior,   1908),  Babcock  &  Wilcox  Co.,  and  for  mail,  421 

W.  Lake  Ave.,  Barberton,  O. 
STUTZ,  C.  C.  (1900),  Cons.  Engr.,  Amer.  Cement  Tile  Mfg.  Co.,  Rm.  1309, 

29  Broadway,  New  York,  N.  Y. 
SUTER,  Geo.  A.  (1883;  1893),  112  Wooster  St.,  and /or  mail,  190  Riverside 

Drive,  New  York,  N.  Y. 
SYMINGTON,  E.  Harrison  (Associate,  1903),  Mech.  Expt.,  T.H.Symington 

Co.,  616  Ry.  Exch.,  Chicago,  111. 
TAIT,  Roderick  H.  (1901),  Pres.,  Tait-Nordmeyer  Engrg.  Co.,  1012 Liggett 

Bldg.,  and  1368  Granville  PI.,  St.  Louis,  Mo. 
TWINING,  Wm.  S.  (1897),  Ford,  Bacon  &  Davis,  115  Broadway,  New  York, 

N.  Y. 
ULBRICHT,  T.  Carlile  (Junior,  1908),  Instr.,  Dept.  of  Power  Engrg.,  Sibley 

College,  Cornell  Univ.,  and  for  mail,  426  E.  Buffalo  St.,  Ithaca,  N.  Y. 
VAN  VALKENBURGH,  Ralph  D.  (1901;  Associate,  1905),  Engrg.  Salesman, 

Taylor  Iron  &  Steel  Co.,  High  Bridge,  N.  J.,  and /or  mail,  1602  Jefferson 

Ave.,    Scranton,    Pa. 
WALSH,  Thomas  J.  (Junior,  1906),  Stone  &    Webster  Engrg.  Corp.,  Boston, 

Mass.,  and /or  mail,  97  Howard  Ave.,  Ansonia,  Conn. 
WEISSBLATT,  Murray  E.  (Junior,  1907),  Crocker-Wheeler  Co.,  1315  North 

Amer.  Bldg.,  Philadelphia,  Pa. 
WHITE,  James  A.  (Junior,  1900),  Worcester  Pressed  Steel  Co.,  and /or  viail. 

167  Lincoln  St.,  Worcester,  Mass. 
WILLIAMS,  Alan  Gillespie  (Junior,  1909),  Genl.  Foreman,  in  charge  Buffalo 

Shops,  Pa.  R.  R.,  and /or  mail,  17  Johnson  Park,  Buffalo,  N.  Y. 
WILLISTON,  Arthur  L.  (1896;  1899),  27  Kilsyth  Rd.,  Brookline,  Mass. 
WINSHIP,  W.  E.  (1908),  cor.  177th  St.  and  Pinehurst  Ave.,  New  York,  N.  Y. 
ZOWSKI-ZWIERZCHOWSKI,  S.  J.  (1910),  Asst.  Prof.  Mech.  Engrg., Univ. 

of  Mich.,  and  for  mail,  1304  Geddes  Ave.,  Ann  Arbor,  Mich. 

NEW  MEMBERS 

BARRON,  Claude  Mitchell  (Junior,  1910),  with  R.  W.  Wiggin,  Apartado 
97-B,  Mexico  City,  Mex. 

CORLETTE,GlenH.  (Junior,  1910),  Fairbanks,  Morse  &  Co.,  566  CalloMoreno 
Buenos  Aires,  Argentine  Republic,  S.  A. 

LORING,  Harrison,  Jr.  (1910),  Treas.  and  Mech.  Engr.,  R.  S.  Brine  Trans- 
portation Co.,  43  India  St.,  Boston,  Mass. 
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SAYER,  Eugene  Young  (1910),  V.  P.  and  Genl.  Mgr.,  Improved  Equipment, 

Co.,  60  Wall  St.,  New  York,  N.  Y. 
SHAW,  Joseph  D.  (1910),  Con.s.  Engr.,  Partner,  J'ountain-Sliaw  Engrg.  Co., 

308  Andrews  Bldg.,  Dallas,  Tex. 
VAN  PATTEN,   William  Ensign    (1910),  Superintending  Power  and  Light 

Plants,  M.  &  E.  Div.,  D.  L.  &  W.  R.  R.,  Hoboken,  and /or  mail,  48  Lunan 

PI.,  Jersey  City,  N.  J. 
WIGGIN,  Ralph  Mitchell  (1910),  Apartado  97-B,  Mexico  City,  Mex. 
WYATT,  Edgar  William  (1910),  Cons.  Engr.,  632  Marlborough  Rd.,  Brooklyn, 

N.  Y. 

DEATHS 

JOHNSON,  Lewis,  May  26,  1910. 
HALL,  Frederick  Bellows,  October  27,  1910. 
ROBINSON,  Stillman  W.,  October  31,  1910. 
SHANTZ,  Oliver  S.,  September  1910. 
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COLWELL,  James  V.  V.  (1908),  Mem.Am.Soc.M.E. 
GORE,,  Warren  W.  (1909),  Mem.Am.Soc.M.E. 
HOWARD,  Charles  A.   (1908),  Mem.Am.Soc.M.E. 
McMULLIN,  Frank  V.  (1908),  Mem.Am.Soc.M.E. 
ULBRICHT,  T.  C.   (1908),  Mem.Am.Soc.M.E. 
WINSHIP,  W.  E.  (1909),  Mem.Am.Soc.M.E. 


STUDENT  MEMBERSHIP 

BERGERT,  H.  A.  (Student,  1910),  care  C.  R.  I.  &  P.  R.  R.  Shop,  Silvis,  111. 
BOHNSTENGEL,   Walter   (Student,    1909),    1111   Kentucky  St.,   Lawrence, 

Kan. 
BUTLER,  N.  R.   (Student,  1909),   IGOO  Madison  Ave.,  Baltimore,  Md. 
CARR,  W.  deL.  (Student,  1909),  32  Vine  St.,  West  Lynn,  Mass. 
CUMPSTON,  E.  H.,  Jr.  (Student,  1909),  2727  P  St.,  Washington,  D.  C. 
ESTES,  G.  H.  (Student,  1910),  112  Newbery  St.,  Boston,  Mass. 
GRIFFITH,  F.  H.  (Student,  1909),  41  W.  33d  St.,  Chicago,  111. 
GRAY,  C.  F.  (Student,  1910),  333  W.  Washington  St.,  Madison, Wis. 
KELLEY,  P.  W.  (Student,  1910),  1254  Michigan  Ave.,  Chicago,   111. 
KONSTANKEWICZ,  M.  J.  (Student,  1910),  303  N.  Shamokin  St.,  Shamokin, 

Pa. 
KRAATZ,  K.  L.  (Student,  1910),  224  N.  Brooks  St.,  Madison,  Wis. 
McCAIN,  W.  R.  (Student,  1910),  present  address  unknown. 
MATTERN,  J.  Fred.   (Student,  1910),  University  Club,  Altoona,  Pa. 
MORGAN,  Henry  (Student,  1910),  2533  N.  Grand  Ave.,  St.  Louis,  Mo. 
MUFFLY,  Walter  W.  (Student,  1910),  Hotel  Morgan,  South  Sharon,  Pa. 
NELSON,  J.  E.  (Student,  1909),  East  Ryegate,  Vt. 
OAKLEY,  Walter  W.  (Student,  1910),  502  N.  Market  St.,  Kokomo,  Ind. 
PARMELY,  J.  C.  (Student,  1909),  128  Smith  St.,  Kewanee,  111. 
PAUL,  Harry  J.  (Student,  1910),  930  Roscoe  St.,  Chicago,  111. 
PIMPER,  T.  F.  (Student,  1910),  1302  30th  St.,  Washinton,  D.  C. 
PURDY,  Donald  F.  (Student,  1910),  157  N.  20th  St.,  Philadelphia,  Pa. 
RICHEY,  A.  L.  (Student,  1909),  915  E.  State  St.,  Ithaca,  N.  Y. 
RUSSELL,  Foster  (Student,  1910),  39  Cumberland  St.,  Boston,  Mass. 
SCHUSTER,  George  (Student,  1909),  905  Fourth  Ave.,  Rock  Island,  111. 
STEINBECK,  C.  E.   (Student,  1909),  Burlingame,  Cal. 
WEAVER,  H.  E.  (Student,  1910),  208  S.  10th  St.,  Columbia,  Mo. 
YODER,  Jacob  H.   (Student,  1910),  Sch.  for  Apprentices,  1120  13th  Ave., 

Altoona,  Pa. 

NEW   MEMBERS 
BROOKLYN   POLYTECHNIC  INSTITUTE 
WICHUM,  Victor  (Student,  1910),  241  Covert  St.,  Brooklyn,  N.  Y. 

COLUMBIA  UNIVERSITY 

CLARK,  S.  M.  (Student,  1910),  427  Franklin  Ave.,  Brooklyn,  N.  Y. 
FREDERICHS,  W.  (Student,  1910),  53  Lewis  St.,  Tompkinsville,  S.  1.,  N.  Y. 
HENDRICKSON,  M.  E.  (Student,  1810),  536  Dean  St.,  Brooklyn,  N.  Y. 
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MURPHY,  E.  A.   (Student,  1910),  Livingston  Hall,     Columbia  Univ.,  New 

York,  N.  Y. 
RILEY,  W.  L.  (Student,  1910),  614  W.  113th  St.,  New  York,  N.  Y. 
SELLEW,  W.  H.  (Student,  1910),  78  E.  79th  St.,  New    York,  N.  Y. 

CORNELL  UNIVERSITY 

BELLINGER,  E.  W.  (Student,  1910),  201  Oak  Ave.,  Ithaca,  N.  Y. 
BOGARDUS,  A.  G.  (Student,  1910),  6  South  Ave.,  Ithaca,  N.  Y. 
HOLDEN,  R.  O.  (Student,  1910),  133  Linden  Ave.,  Ithaca  ,  N.  Y. 
OVEROCKER,  R.  H.  (Student,  1910),  109  College  Ave.,  Ithaca,  N.  Y. 
TRUMP,  C.  C.   (Student,  1910),  103  Highland  PL,  Ithaca,  N.  Y. 

MASSACHUSETTS  INSTITUTE   OF  TECHNOLOGY 

BESSE,  E.  E.  (Student,  1910),  39  Cumberland  St.,  Boston,  Mass. 
BROWNLEE,  Robt.  B.  (Student,  1910),  38  St.  Botolph  St.,  Boston,  Mass. 
BURLEIGH,  W.  S.  (Student,  1910),  107  W.  Central  St.,  Natick,  Mass. 
FERRY,  Ralph  M.  (Student,  1910),  134  W.  Newton  St.,  Boston,  Mass. 
MEISEL.  O.  C.  F.  rStudent,  1910).  10  Upland  Ave.,  Dorchester,  Mass. 

UNIVERSITY    OF    ILLINOIS 

ALLEN,  G.  B.  (Student,  1910),  706  S.  2d  St.,  Champaign,  111. 
CONNARD,  A.  F.  (Student,  1910),  908  S.  5th  St.,  Champaign,  111. 
DUTT,  M.  L.  (Student,  1910),  1012  VV.  Oregon  St.,  Urbana,  111. 
FAISON,  Wm.  A.  (Student,  1910),  212  E.  Green  St.,  Champaign,  111. 
HAGEDORN,  F.  A.  (Student,  1910),  706  S.  2d  St.,  Champaign,  111. 
HASSELQUIST,  E.  J.  (Student,  1910),  934  W.  Illinois  St.,  Urbana,   111. 
HERRCKE,  E.  A.  (Student,  1910),  706  S.  2d  St.,  Champaign,  111. 
KNAUSS,  (Student,  1910),    805  W.  Illinois  St.,  Urbana,  111. 
PHILLEO,  G.  W.  (Student,  1910),  1107  Springfield  Ave.,  Urbana,  111. 
STUEBING,  A.  F.  (Student,  1910),  311  E.  Healy  St.,  Champaign,  111. 
WHITNALL,  C.  A.  (Student,  1910),  1002  S.  6th  St.,  Champaign,  111. 

YALE    UNIVERSITY 

BAKER,  F.  H.    (Student,  1910),  133  Wall  St.,  New  Haven,  Conn. 
BORKETT,  D.  B.  (Student,  1910),  Byers  Hall,  New  Haven,  Conn. 
BRADY,  G.  S.  (Student,  1910),  872  Yale  P.  O.,  New  Haven,  Conn. 
COOK,  H.  J.  (Student,  1910),  70  Trumbull  St.,  New  Haven,  Conn. 
DEMAREST,  L.  McG.  (Student,  1910),  166  Sheff.  Yanderbilt,  New  Haven, 

Conn. 
DRAVO,  H.  D.  (Student,  1910),  164  Sheff.  Vanderbilt,  New  Haven,  Conn. 
DuBOSQUE,  C.  (Student,  1910),  166  Sheff.  Vanderbilt,  New  Haven,  Conn. 
GRAFF,  W.  (Student,  1910),  246  Dwight  St.,  New  Haven,  Conn. 
HAYES,  H.  E.  (Student,  1910),  148  Grove  St.,  New  Haven,  Conn. 
JOHNSON,  D.  A.  (Student,  1910),  177  Sheff.  Vanderbilt,  New  Haven,  Conn. 
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JONES,  M.  F.  (Student),  1910,  96  Wall  St.,  New  Haven,  Conn. 
KELLY,  R.  A.   (Student,  1910),  Temple  St.,  New  Haven,  Conn. 
KNABLE,  G.  E.  (Student,  1910),  124  Prospect  St.,  New  Haven,  Conn. 
MANNY,  W.  R.  (Student,  1910),  166  Sheff.  Vanderbilt,  New  Haven,  Conn. 
MEEKER,  L.  A.  (Student,  1910),  167  Sheff.  Vanderbilt,  New  Haven,  Conn. 
MILLS,  C.  G.  (Student,  1910),  124  Prospect  St.,  New  Haven,  Conn. 
PERLEY,  A.  D.    (Student,   1910),  Byers  Hall,  New  Haven,  Conn. 
PRUDDEN,  J.  M.  (Student,  1910),  Byers  Hall,  New  Haven,  Conn. 
REEVE,  A.  B.  (Student,  1910),  Byers  Hall,  New  Haven,  Conn. 
RUGE,  J.  H.  (Stadent,  1910),  746  Yale  Sta.,  New  Haven,  Conn. 
WATZEK,  J.  W.   (Student,  1910),  Byers  Hall,  New  Haven,  Conn. 


COMING  MEETINGS 

December — January 

Advance  notices  of  annual  and  semi-annual  meetings  of  engineering  societies  are  regularly 
published  under  this  heading  and  secretaries  or  members  of  societies  whose  meetings  are  of 
Interest  to  engineers  are  Invited  to  send  such  notices  for  publication.  They  should  be  in  the 
editor's  hands  by  the  15th  of  the  month  preceding  the  meeting.  When  the  titles  of  papers 
read  at  monthly  meetings  are  furnished  they  will  also  be  published. 

THE    AMERICAN   ASSOCIATION    FOR  THE   ADVANCEMENT    OF 
SCIENCE 

December  27- January  3,  Minneapolis  and  St.  Paul,  Minn.  Secy.,  L.  O. 
Howard,  Smithsonian  Institution,  Washington,  D.  C. 

AMERICAN  CHEMICAL  SOCIETY 

December  27-30,  meeting  with  the  American  Association  for  the  Advance- 
ment of  Science,  Minneapolis,  Minn.  Secy.,  Charles  L.  Parsons,  Dur- 
ham, N.  H. 

THE  AMERICAN  INSTITUTE  OF  ARCHITECTS 

January  17-19,  annual  convention,  San  Francisco,  Cal.  Papers:  The 
Development  of  Architecture  on  the  Pacific  Coast  and  the  Rehabilitation 
of  the  City  of  San  Francisco,  The  Aesthetic  Problems  of  and  what  the 
Coast  has  Accomplished  in  City  Planning,  The  Salient  Points  of  the 
Architecture  of  the  Northern  Pacific  Coast,  by  Chas.  H.  Bebb;  History 
and  Present  Status  of  the  California  Missions,  by  A._B.  Benton.  Secy., 
Glenn  Brown,  The  Octagon,  Washington,  D.  C. 

AMERICAN  INSTITUTE  OF  CHEMICAL  ENGINEERS 

December  7-10,  annual  meeting.  New  York.  Papers:  Chemical  Engineer- 
ing Education,  F.  W.  Frerichs,  F.  W.  Atkinson,  M.  C.  Whitaker;  The  Fitz- 
gibbons  Boiler,  Jerome  Alexander;  Manufacture  of  Hydrated  Lime, 
Richard  K.  Meade;  The  Evolution  of  Portland  Cement  Processes,  Chas. 
F.  McKenna;  Manufacture  of  Lignite  Briquettes,  Henry  S.  Renaud; 
Bleaching  Oils  with  Fullers  Earth,  David  Wesson;  Action  of  Fruit  Juices 
on  Metallic  Containers,  E.  Gudeman;  Vacuum  Distilling  Apparatus, 
P.  B.  Sadtler;  Symposium  on  Sewerage  Disposal,  Geo.  C.  Whipple, R.  Her- 
ing,  Mem.Am.Soc.M.E.,  Geo.  A.  Soper,  N.  S.  Hill,  Jr.,  Chas.  E.  A.Winslow. 
Secy.,  J.  C.  Olsen,  Polytechnic  Institute,  Brooklyn,  N.  Y. 

AMERICAN    INSTITUTE    OF    ELECTRICAL   ENGINEERS 
January  13,  29  W.  39th  St.,  New  York.     Secy.,  R.  W.  Pope. 

AMERICAN  MATHEMATICAL  SOCIETY 

December  28-29,  Columbia  University,  New  York;  December  29-30, 
University  of  Chicago  , Chicago,  111.  Secy.,  F.  N.  Cole,  501  W.  116th  St. 
New  York. 
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AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

January  18-19,  annual  meeting,  220  W.  57th   St.,  New   York.    Secy..   C. 

W.  Hunt. 
AMERICAN  SOCIETY  OF  HEATING  AND  VENTILATING  ENGINEERS 

January  24-26,  annual  meeting,  29  W.  39th  St.,  New  York.  Secy.,  W.  M 

Mackay,    Box    1818. 
THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 

December  6-9,  annual  meeting,  29  W.  39th  St.,  New  York.     December  23, 

joint  meeting  with  the  American  Institute  of  Electrical  Engineers,  Boston, 

Mass.     Secy.,   Calvin  W.  Rice. 
AMERICAN  SOCIETY  OF  REFRIGERATING  ENGINEERS 

December  5-6,  annual  meeting.  New  York.     Secy.,  W.  H.  Ross,  154  Nassau 

St. 
ASSOCIATION  OF  AMERICAN  PORTLAND  CEMENT  MANUFACTUR- 
ERS 

December  12-14,  annual   convention,  New  York.   Secy., Percy  H.Wilson, 

Land  Title  Building,  Philadelphia,  Pa. 
AUTOMOBILE  EXPOSITION 

December  31- January  7,  Grand  Central  Palace,  New  York.     Secy.,  B. 

Briscoe,  7  E.  42d  St. 
BROOKLYN  ENGINEERS  CLUB 

December  1,  117  Remsen  St.,  Brooklyn,  N.  Y.     Paper:  The  Gyroscope, 

Elmer  A.   Sperr3^     Secy.,   Joseph  Strachan. 
CIVIL  ENGINEERS  SOCIETY  OF  ST.  PAUL 

January  9,  annual  meeting.  Old  State  Capitol  Bldg.,  St.  Paul,   Minn. 

Secy.,    D.  F.  Jurgensen,  116  Winter  St. 
ELECTRICAL  CONTRACTORS  ASSOCIATION  OF  NEW  YORK  STATE 

January  10,   ex-semi  annual  meeting,   Albany,   N.   Y.     Secy..   Geo.   W. 

Russell,  Jr.,  25  W.  42d  St...  New  York. 
ENGINEERS'  CLUB  OF  ST.  LOUIS 

December  7,  annual  meeting,  3817  Olive  St.,  St.  Louis,  Mo.     Secy.,  W. 

W.  Homer,  5203  Maple  Ave. 
ENGINEERS  SOCIETY  OF  PENNSYLVANIA 

January  16,  annual  meeting  ,Harrisburg,  Pa.     Secy..  Edw.  R.  Dasher, 

Gilbert  Bldg. 
ENGINEERS  SOCIETY  OF  WESTERN  PENNSYLVANIA 

January  17,  annual  meeting,  Oliver  Bldg.,  Pittsburg,  Pa.     Secy.,  E.  K. 

Hiles,  803  Fulton  Bldg. 
ILLINOIS  SOCIETY  OF  ENGINEERS  AND  SURVEYORS 

January  25-27,  annual  meeting,  East  St.  Louis,  111.     Secy.,  E.  E.  R.  Trat- 

man,  1636  Monadnock  Blk.,  Chicago,  111. 
INDIANA  ENGINEERING  SOCIETY 

January  12-14,  annual  meeting,  Indianapolis,  Ind.     Secy.,  Chas.  Bross- 

man. 
NATIONAL  ASSOCIATION  OF  CEMENT  USERS 

December    12-20,    annual    convention.    Concert    Hall,    Madison    Square 

Garden,  New  York.     President  Richard  L.  Humphrey,  Harrison  Bldg., 

Philadelphia,  Pa. 
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THE  NATIONAL  CIVIC  FEDERATION 

January  12-14,  annual  meeting,  Hotel  Astor,  New  York.  Chairman 
Executive  Council,  Ralph  M.  Easley,  1  Madison  Ave. 

NATIONAL  COMMERCIAL  GAS  ASSOCIATION 

December  5-13,  annual  convention,  Boston,  Mass.  Pres.,  L.  S.  Bigelow, 
1374  Main  St.,  Buffalo,  N.  Y.  ' 

NATIONAL  GAS  AND  GASOLINE  ENGINE  TRADES  ASSOCIATION 
December  12-15,  annual  meeting,  Racine,  Wis.       Secy.,  A.  Stritmatter, 
Cincinnati,  O. 

NEW  ENGLAND  RAILROAD  CLUB 

December  13,  New  American  House,  Boston,  Mass.  Paper:  The  evo- 
lution of  Air  Brakes  Made  Necessary  to  meet  modern  Train  Conditions, 
H.  N.  Lamb.  Secy.,  Geo.  H.  Frazier,  10  Oliver  St. 

NEW  JERSEY  SANITARY  ASSOCIATION 

December  2-3,  annual  meeting,  Lakewood,  N.  J.  Papers;  Two  Years' 
Experience  in  Dust  Suppression  on  Roads,  James  Owen;  Latest  Phases 
of  Sewage  Purification,  Rudolph  Hering,  Mem.  Am.Soc.M.E. ;  The  Possible 
Deleterious  Effects  of  Illuminating  Gas  upon  the  Human  Economy  and 
the  Probable  Extent  to  which  they  obtain.  C.  E.  Forstall.  Secy.,  J.  A. 
Exton,  75  Beech  St.,  Arlington. 

SHORT  LINE  RAILROAD  ASSOCIATION 

December  15,  annual  meeting.  Secy.,  John  N.  Drake,  60  Wall  St., 
New  York. 

SOCIETY  OF  AUTOMOBILE  ENGINEERS 

January  11-12,  annual  meeting,  New  York.  Pres..  Howard  E.  Coffin, 
1451  Broadway. 

MEETINGS  IN  THE  ENGINEERING  SOCIETIES  BUILDING 

Date  Society  Secretary  Time 

1     Blue  Room  Engineering  Society W.  D.  Sprague.  .  .8.15    p.m. 

6,  7,  8,  9  American  Society  Mechanical  Engineers. C.  W.  Rice All  day 

7  Wireless  Institute  S.  L.  Williams.  .  .  .8.00  p.m. 

8  Illuminating  Engineering  Society  P.  S.  Millar 8.15  p.m. 

9  American  Institute  Electrical  Engineers  . . .   R.  W.  Pope 8.00  p.m. 

16  New  York  Railroad  Club H.  D.  Vought 8.15  p.m. 

20    New  York  Telephone  Society T.  H.  Lawrence. .  .8.15  p.m. 

28    Municipal  Engineers  of  New  York C.  D.  Pollock 8.15  p.m. 

January 

4  Wireless  Institute  S.  Williams 7.30  p.m. 

5  Blue  Room  Engineering  Society  W.  D.  Sprague. . .  .8.15  p.m. 

10    American  Society  Mechanical  Engineers C.  W.  Rice 8.15  p.m. 

12  Illuminating  Engineering  Society P.  S.  Millar 8.15p.m. 

13  American  Institute  Electrical  Engineers R.  W.  Pope 8.15p.m. 

17  New  York  Telephone  Society T.  H.  Lawrence. .  .8.15  p.m. 

20     New  York  Railroad  Club H.  D.  Vought 8.15  p.m. 

24,  25,  26  American  Society  of  Heating  and  Ventil- 
ating Engineers W.  M.  Mackay ....  All   day 

25    Municipal  Engineers  of  New  York C.  D.  Pollock 8.15  p.m. 


CURRENT  BOOKS 

The  History  of  the  Telephone.  By  Herbert  N.  Casson.  Chicago,  A.  C. 
McClurg   Co.,   1910.     Cloth,  8vo,  316  pp.,  fully  illustrated.     Price,  $1.50. 

Contents:  The  Birth  of  the  Telephone;  The  Building  of  the  Business;  The  Holding  of  the  Business; 
The  Development  of  the  Art;  The  Expansion  of  the  Business;  Notable  Users  of  the  Telephone;  The 
Telephone  and  National  Efficiency;  The  Telephone  in  Foreign  Countries;  The  Future  of  the  Tele- 
phone; Index. 

Composition  and  Hea.t  Treatment  of  Steel.  By  E.  F.  Lake.  New  York, 
McGraw-Hill  Book  Co.,  1910.     Cloth,  12  vo,  illustrated.     Price  $2.50. 

Contents:  The  Making  of  Pig  Iron;  Bessemer  Process  of  Converting  Iron  into  Steel;  Open-Hearth 
Process  for  Making  Steel:  Crucible  Process  of  Steel  Making;  Electric  Furnaces  for  Steel  Making; 
Ingredients  of  and  Materials  used  in  Steel;  Working  Steel  into  Shape;  Furnaces  and  Fuels  used  for 
Heat-Treatment;  Annealing  Steel;  Hardening  Steel;  Tempering  Steel;  Carbonizing. 

A  Text-Book  of  Elementary  Foundry  Practice.  For  the  Use  of  Students 
in  Colleges  and  Secondary  Schools.  By  William  AUyn  Richards.  New 
York,  The  Macmillan  Company,  1910.  Cloth,  8vo.  121  pp.  Price,  $1.25 
net. 

Contents:  Introduction;  Definition;  Materials;  Tools;  Principles  of  Molding;  Molding  Exercises 
without  Core;  Matches;  Molding  Exercises  with  Green-Sand  Cores;  Dry  Cores;  Molding  Exerc-ses 
with  Dry  Cores;  Miscellaneous  Exercises;  Open  Molding,  Sweep  and  Strike  Work;  Dry-Sand  Mold- 
ing; Cupola  Practice  or  Melting;  Cleaning  Castings;  Chilled  and  Malleable  Castings;  Brass 
Molding;  Glossary;  Appendix;  Index. 


OFFICERS  AND  COUNCIL 

PRESIDENT 
Geoege  Westinghouse Pittsburg,  Pa. 

VICE-PRESIDENTS 

Geo.  M.  Bond Hartford,  Conn. 

R.  C.  Carpenter Ithaca,  N.  Y. 

F.    M.    Whyte New   York 

Terms  expire  at  Annual  Meeting  of  1910 

Charles  Whiting    Baker New  York 

W.  F.  M.  Goss Urbana,  111. 

E.D.Meier New  York 

Terms  expire  at  Annual  Meeting  ot  1911 

PAST -PRE  SI  DENTS 

Members  of  the  Council  for  1910 

John  R.   Freeman Providence,   E.    I. 

Frederick  W.  Taylor Philadelphia,  Pa. 

F.  R.   Hutton New  York 

M.  L.  HoLMAN St.  Louis,  Mo. 

Jesse  M.   Smith New  York 

MANAGERS 

Wm.  L.  Abbott Chicago,  111. 

Alex.     C.     Humphreys New    York 

Henry  G.  Stott New  York 

Terms  expire  at  Annual  Meeting  of  1910 

H.  L.  Gantt New  York 

I.  E.  MouLTROP Boston,  Mass. 

W.  J.  Sando Milwaukee,  Wis. 

Terms  expire  at  Annual  Meeting  of  1911 

J.  Sellers  Bancroft Philadelphia,  Pa. 

James  Hartness Springfield,  Vt. 

H.  G.  Reist Schenectady,  N.  Y. 

Terms  expire  at  Annual  Meeting  of  1912 

TREASURER 
William  H.  Wiley New  York 

CHAIRMAN    OF    THE    FINANCE    COMMITTEE 
Arthur  M.  Waitt New  York 

HONORARY  SECRETARY 
F.  R.  Hutton New  York 

SECRETARY 
Calvin  W.  Rice 29  West  39th  Street,  New  York 
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EXECUTIVE  COMMITTEE  OF  THE  COUNCIL 


Alex.  C.  Humphreys,  Chairman 
Chas.  Whiting  Baker,  Vice-Chairman 

F.  M.  Whyte 


F.    R.    HUTTON 

H.  L.  Gantt 


STANDING  COMMITTEES 

FINANCE 

Arthur  M.  Waitt  (5),  Chairman  Robert  M.  Dixon  (3),  Vice-Chairman 

Edward  F.   Schnuck   (1)  Geo.   J.   Roberts   (2) 

Waldo  H.  Marshall  (4) 

HOUSE 

William  Carter  Dickerman   (1),   Chairman  Francis  Blossom   (3) 

Bernard  V.   Swenson   (2)  Edward  Van  Winkle   (4) 

H.  R.  Cobleigh   (5) 


LIBRARY 
John  W.  Lieb,  Jr.   (3),  Chairman 
Ambrose  Swasey  (1) 

Alfred  Noble  (5) 

MEETINGS 
Willis  E.  Hall    (5),    Chairman 
Wm.  H.  Bryan  (1) 

H.  DE  B.  Parsons  (4) 

MEMBERSHIP 

Charles  R.  Richards  (1),  Chairman 
Francis  H.  Stillman    (2) 

Theo.  Stebbins  (5) 

PUBLICATION 

D.  S.  Jacobus  (1),  Chairman 
H.  F.  J.  Porter  (2) 

Geo.  M.  Basford  (5) 

PUBLIC  RELATIONS 
James  M.  Dodge,  Chairman 
Robert  W.  Hunt 

Fred  J.  Miller 


Leonard  Waldo   (2) 
Chas.  L.  Clarke  (4) 


L.  R.  Pomeroy    (2) 
Chas.  E.  Lucre  (3) 


George  J.  Foran  (3) 
Hobsa   Webster  (4) 


Fred  R.  Low  (3) 
Geo.  I.  RocKwooD  (4) 


D.  C.  Jackson 
J.  W.  Lieb,  Jr. 


R.   H.  Rice  (2) 
Ralph  D.  Mershon  (3) 


RESEARCH 
W.  F.  M.  Goss  (4),   Chairman 
R.  C.  Carpenter  (1) 

Jas.  Christie  (5) 

Note— Numbers  la  parentheses  Indicate  number  of  years  the  member  has  yet  to  serve 

[2181] 


SPECIAL  COMMITTEES 
1910 

On  a  Standard  Tonnage  Basis  for  Refrigeration 


D.  S. Jacobus 
A.  P.  Trautwein 


John  E.  Sweet 


E.  F.  Miller 

On  Society  History 

Chas.  Wallace  Hunt 


g.  t.  voorhees 
Philip  De  C.  Ball 


H.  H.  Suplee 


On  Constitution  and  By-Laws 
Chas.  Wallace  Hunt,  Chairman 
G.  M.  Basford 

Jesse  M.  Smith 


F.  R.  HUTTON 

D.  S. Jacobus 


On  Conservation  of  Natural  Resources 
Geo.  F.  Swain,  Chairman 
Charles  Whiting  Baker 

Calvin  W.  Rice 


L.    D.    BURLINGAME 
M.  L.  HOLMAN 


On    Identification    of   Power    House    Piping 

H.  G.  Stott,  Chairman  I.  E.  Moultrop 

W.  H.  Bryan  H.  P.  Norton 

J.   T.   Whittlesey 

On  International  Standards  for  Pipe  Threads 
E.  M.  Herr,  Chairman  Geo.  M.  Bond 

William  J.  Baldwin  Stanley  G.  Flagg,  Jr. 


On  Standards  for  Involute  Gears 
Wilfred  Lewis,  Chairman 
Hugo  Bilgram 

Gaetano  Lanza 


E.  R.  Fellows 
C.  R.  Gabriel 


On  Power  Tests 
D.  S.  Jacobus,  Chairman     L.  P.  Breckenridge 
Edward  T.  Adams  William  Kent 

George  H.  Barrus  Charles  E.  Lucre 


Edward  F.  Miller 

Arthur  West 

Albert  C.  Wood 


A.  M.  Mattice 
Wm.  Schwanhausser 


On  Standardization  of  Flange 


J.   P.   Sparrow 
H.  G. Stott 


On  Student  Branches 
F.  R.  HuTTON,  Honorary  Secretary 
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MEETINGS  OF  THE  SOCIETY 

THE  MEETINGS  COMMITTEE 

Willis  E.  Hall  (5),  Chairman  L.  R.  Pomeroy  (2) 

Wm.  H.  Bryan  (1)  Chas.  E.  Lucre  (3) 

H.  deB.  Parsons  (4) 

Meetings  of     the  Society  in  Boston 
Ira  N.  Hollis,  Chairman  I.  E.  Moultrop,  Secretary 

Edward  F.  Miller  J.  H.  Libbey 

Meetings  of  the  Society  in  New  York 

Waiter  Rautenstrauch,  Chairman  F.  H.  Colvin 

Fredk.  a.  Waldron,  Treasurer  Edward  Van  Winkle 

RoYDON  V.  Wright 

Meetings  of  the  Society  in  St.  Louis 
Wm.  H.  Bryan,  Chairman  Ernest  L.  Ohle,  Secretary 

R.   H.   Tait,    Vice-Chairman  Fred  E.   Bausch 

M.    L.    HOLMAN 

Meetings  of  the  Society  in  San  Francisco 

A.  M.  Hunt,  Chairman  T.  W.  Ransom,  Secretary 

W.  F.  Durand  E.  C.  Joner 

Thomas  Morrin 
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SOCIETY  REPRESENTATIVES 

1910 

On   John   Fritz   Medal 
Ambrose  Swasey  (1)  Chas.  Wallace  Hunt  (3) 

F.  R.  HuTTON  (2)  Henry  R.  Towne  (4) 


On  Board  of  Trustees  United  Engineering  Societies  Building 

F.  R.  Hutton  (1)  Fred  J.  Miller  (2) 

Jesse   M.   Smith    (3) 


On  Library  Conference  Committee 
J.  W.  Lieb,  Jr.,  Chairman  of  the  Library  Committee,  Am.Soc.M.E. 


On  National  Fire  Protection  Association 
John  R.  Freeman  Ira  H.  Woolson 


On  Joint  Committee  on  Engineering  Education 
Alex.  C.  Humphreys  F.  W.  Taylor 


On  Advisory  Board  National  Conservation  Commission 
Geo.  F.  Swain  John  R.  Freeman 

Chas.  T.  Main 


On  Council  of  American  Association  for  the  Advancement  of  Science 
Alex.  C.  Humphreys  Fred  J.  Miller 

Note — Numbers  in  parentheses  Indicate  number  of  years  the  member  has  yet  to  serve. 
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OFFICERS  OF  THE  OAS  POWER  SECTION 
1910 

CHAIRMAN  SECRETARY 

J.  R.  BiBBiNS  Geo.  A.  Orrok 

GAS    POWER    EXECUTIVE     COMMITTEE 

F.  H.  Stillman  (1),  Chairman  F.  R.  Hutton  (3) 

G.  I.  RocKwooD  (2)  H.  H.  Suplee  (4) 

F.  R.  Low  (5) 

GAS  POWER  MEMBERSHIP  COMMITTEE 
H.  R.  CoBLEiGH,  ChatrtnuH  A.  F.  Stillman 

H.  V.  O.  Goes  G.  M.  S.  Tait 

A.  E.  JoH-  -on  George  W.  Whyte 

F.  S.  King  S.  S.  Wyee 

GAS  POWER  MEETINGS  COMMITTEE 
Wm.  T.  Magruder,  Chairman  Nisbet  Latta 

W.  H.  Blauvelt  H.  B.  MacFarland 

E.  D.  Dreyfus  C.  W.  Obert 

A.   H.   Goldingham  C.  T.  Wilkinson 

GAS  POWER  LITERATURE  COMMITTEE 

C.  H.  Benjamin,  Chairman  L.  S.  Marks 

G.D.  CoNLEE  T.  M.  Phetteplace 

R.  S.  DE  MiTKiEwicz  G.  J.  Rathbxjn 

L.  V.  Goebbels  R.  B.  Bloemeke 

L.  N.  Ludy  a.  L.  Rice 
A.  J.  Wood 

GAS  POWER  INSTALLATIONS   COMMITTEE 

L.  B.  Lent,  Chairman  A.  Bement 

C.  B.  Rearick 

GAS  POWER  PLANT  OPERATIONS  COMMITTEE 

I.  E.  MouLTROP,  Chairman  C.  N.  Duffy 

J.  D.  Andrew  H.  J.  K.  Freyn 

C.  J.  Davidson  W.  S.  Twining 

C.  W.  Whiting 

GAS  POWER  STANDARDIZATION  COMMITTEE 

C.  E.  LucKE,  Chairman  E.  T.  Adams 

Arthur  West  James  D.  Andrew 

J.  R.   Bibbins  H.  F.   Smith 

Louis  C.  Doelling 

Note — Numbers  In  purentheaos  indicate  number  of  years  the  member  has  yet  to  serve. 
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OFFICERS  OF  STUDENT  BRANCHES 


INSTITtmON 

PRESIDENT 

COBRESPONDINQ 

SJiCKETARX 

1908 

Stevens  Inst,  of  Tech. 

December  4  Alex.  C.  Humphreys 

W.  G.  H.  Brehmer 

J.  G.  Balnbrldge 

Hoboken.    N.    J. 

Cornell    University. 

December  4  R.  C.  Carpenter 

C.C.Allen 

D.  S.  Wegg.  Jr. 

Ithaca,  ^J.  Y. 

1909 

Armour  Inat.  of  Tech., 

March  9          G.  F.  Gebhardt 

F.  E.  Wemick 

W.  E.  Thomas 

Chicago,  lU. 

Leland    Stanford    Jr. 

March  9          W.  F.  Durand 

J.B.Bubb 

H.  H.  Blee 

University,    Palo 

Alto,  Cal. 

Polytechnic  Institute. 

March  9         W.  D.  Ennls 

A.  L.  Palmer 

R.  C.  Ennls 

Brooklyn.  N.  Y. 

State    Agrl.    College. 

March  9       |  Thoa.  M.  Gardner 

C.  L.  Knopf 

S.  H.  Graf 

Corvallls,  Ore. 

Purdue    University, 

March  9          L.  V.  Ludy 

H.  A.  Houston 

J.  W.  Barr 

Lafayette,  Ind. 

University   of    Kansas, 

March  9          P.  F.  Walker 

C.  E.  Johnson 

C.  A.  Swlggett 

Lawrence,  Kan. 

New    York    Univ.. 

November  9  C.  E.  Houghton 

Harry  Anderson 

Andrew  Hamilton 

New  York 

1 

Univ.     of  Illinois. 

November  9'  W.  F.  M.  Goss 

B.  L.  Keown^ 

0.  S.  Huntington 

Urbana.  lU. 

1 

Penna.  State  College, 

November  9  J.  P.  Jackson 

W.  E.  Helbel 

G.  M.  Forker 

State  College,  Pa. 

Columbia  University, 

Novembers  Chas.  E.  Lucke 

F.  R.  Davis] 

H.B.Jenkins 

New  York. 

Mass.    Inst,    of    Tech., 

November  9  Ga«tano  Lanza 

MorrUl  Mackenzie 

Foster  Russell 

Boston,  Mass. 

Univ.  of  Cincinnati, 

November9  J.  T.  Falg 

H.  B.  Cook 

C.  J.  Malone 

Cincinnati.  0. 

Univ.  of  Wisconsin, 

November  9  C.  C.  Thomas 

A.  MacArthur 

A.  Wegnor 

Madison.  Wis. 

Univ.  of  Missouri, 

December  7  H.  Wade  Hlbbard 

H.  W.  Price 

Osmer  Edgar 

Columbia,  Mo. 

Univ.  of  Nebraska, 

December  7  C.  R.  Richards 

W.  J.  Wholenberg 

W.H.Burleigh 

Lincoln,  Neb. 

1910 

Univ.  of  Maine, 

February  8  Arthur  C.  Jewett 

H.  N.  Danforth 

A.  H.     Blalsdell 

Orono.  Me. 

Univ.  of  Arkansas, 

AprU  12          B.  N.  Wilson 

C.  B.  Boles 

W.Q.  Williams 

FayettevUle,  Ark. 

Yale  University. 

October  11 

W.  Roy  Manny 

New  Haven,  Conn. 
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ADVERTISING      SUPPLEMENT 


SECTION    1 


Machine  Shop  Equipment 


Machine  Shop  Equipment       -  ...  Section  1 

Power  Plant   Equipment  ....  -  Section  2 

Electrical   Equipment  .....  Section  3 

Hoisting  and  Conveying  Machinery.      Power  Transmission      -  Section  4 

Engineering   Miscellany  .....  Section  5 

Directory  of   Mechanical  Equipment  ...  Section  6 


No.  8  Turret  Screw  Machine 

Turret  Lathes,  many  sizes — many  styles.       For  a  given  class  of  work 
there  is  a  machine  especially  adapted. 

The  catalogue  gives  full  information.      It  will  be  sent  on  request. 

THE    WARNER    &    SWASEY   COMPANY 


CLEVELAND,  OHIO 


BRANCH    OFFICES: 


NFW    YORK 


THEP.&W.HIGHPOWER 
TWISTED  DRILL 

THE  MOST  POWERFUL  AND  LONGEST 
LIVED  DRILL  ON  THE  MARKET 

Can  be  driven  at  a  higher  speed  and 
greater  feed  than  any  other  drill. 
More  durable  and  cheaper  than  a  solid 
shank  drill. 

Impossible  to  bend  drill  sideways  or 
twist  shank  under  any  drilling  condi- 
tions. Centers  perfectly  and  runs  abso- 
lutely true.  The  twisted  taper  shank 
is  one  size  larger  than  generally  supplied 
on  other  drills  of  equal  size. 

FITS  ANY  STANDARD  TAPER  SOCKET 

Write  for  Catalog  "Small  Tools  No.  5" 

PRATT  &  WHITNEY  CO.,       HARTFORD,  CONN. 


Extracts  from  the  Book  of  the 
Hartness  Flat  Turret  Lathe 

Copies  of  the  book  sent  on  request 


spinsfieHv.     Jones  &  Lamsoni 

Oermanv,  Holland.  BelRium.  Switzerland,  Austria-Hungary, 
M.  Koyemann,  Cluirlottenstrasse  112    Dusseldorf,  (.crmany. 


Machine  Company  2 


Queen  Victoria  St. 
ondon,     England 


France  and  Spain,  Ph.  Bonvillain  and  E.  Ronceray,  g  and  ii 
Rue  des  Envierges,  Paris.     Italy,  Adler  &  Eisenschitz.  Milan. 


To  Users  of  Taps  and  Dies 


This  Trade    \   ^    /  Mark  Means 


V 


an  absolute  guarantee  of  first  QUALITY 

40  years  on  the  market  makes  our  Machine  Screw  Taps 

the  pioneers  in  their  class.     They  have  no  superiors,  and 

are  fully  guaranteed 

Taps  and  Dies  furnished  to  A.  S.  M.  E.  Standard  at  regular  prices 

J.  M.  Carpenter  Tap  &  Die  Co.,  Pawtucket,  R.  I. 


Garvin  Milling  Machines 

This  Machine  equipped  with 
our  Square  Lock 

SOLID  TOP  ffiSff  KNEE 


No.    1;   Universal  Mi! 
Adjuslments      20"   : 


is  the  most  rigid,  substan- 
tial and  efficient  machine  for 
its  size  and  tj'pe  on  the 
market. 

It  is  also  equipped  with 
our  Positive  Feed  Change 
( li'ar  Box,  our  Double  Geared 
Dividing  Head  and  many 
otiier  features  found  onlv  on 
C.ARVIX  MILLERS. 

For  Further  Information  ask 
your  dealer  or  write  us  direct 

Immediate  Delivery 

MANUFACTURED  BY 

THE  GARVIN 
MACHINE  CO. 

137  Varick  Street 

New  York  City 


SILENT  TRANSMISSION  OF  POWER  WITH 
NEW    PROCESS    NOISLESS    PINIONS 

on  geared  motor  drives  is  a  most  practical  operating  condition.  By  re- 
placing your  metal  pinions  with  New  Process  Noiseless  Pinions  you  add 
the  great  boon  of  silence  to  the  many  other  advantages  of  gear  drives. 

Furthermore  you  greatly  reduce  the 
vibration  due  to  wear  and  tear  on 
every  part  of  your  machines.  You 
increase  the  efficiency  of  workmen  by 
removing  the  nerve-racking  grind, and 
thus  permit  the  shop  to  give  back 
many  times  over  the  small  outlay 
required. 

Try  just  one  New  Process  Gear 
or  Pinion.  Send  for  Booklet 


The  New  Process 
0  Raw  Hide  Co.^ 


SYRACUSE 


NEW  YORK 


High-Speed  Steam-Hydraulic  Forging  Presses 

double   your    production   with    one-half 
your  labor  cost  and  steam  consumption 

COST  OF  REPAIRS  REDUCED 

Eliminates  Heavy  Shocks  and 
Vibration 

SINGLE  LEVER  CONTROL 


SMALL  SIZES-Single  Frame  Type 
LARGE   SIZES— Four  Column  Type 


BUILT  FOR  ALL    CLASSES  OF 
FORGING,  SHEARING  OR    PRESSING 


100  Tons  to  12,000  Tons  Capacity 
UNITED  ENGINEEmNG  &  FOUNDRY  CO. 

2300   FARMERS'    BANK   BUILDING  PITTSBURG,   PA. 


MANUFACTURED  UNDER  DAVY  BROS.,  LTD.,  PATENTS 


The  Standard  Tool  Cos 

"STANCO"  FORGED  TWISTED  HIGH  SPEED  DRILLS 


These  drills  are  forged  from  a  special  High  Speed  Steel.  They  are 
strong  and  tough,  run  true,  lit  regular  sockets  and  save  expense  of  special 
chucks.  We  recommend  these  drills  with  taper  shank  as  being  the  most 
satisfactory  and  reliable. 

CLEVELAND,  O.,  U.  S.  A.,  and  94  Reade  St.,  New  York 


MANNING,    MAXWELL  &   MOORE 

INCORPORATED 

Machine  Tools,   Electric  Cranes 
and  Engineering  Specialties 


85-87-89  LIBERTY  STREET 


NEW  YORK 


RUSSELL,  BURDSALL  &  WARD 
BOLT  and  NUT  CO. 

PORT  CHESTER.   N.  Y 

Manufacturers  of  the  finest  grade  of 

BOLTS  and  NUTS 

For  Automobiles,  Machinery  and 
Engineering  Work 

Branch  Works  at  Rock   Falls     III. 


WE    BUILD    A  COMPLETE   LINE  OF   NEW   AND    UP-TO-DATE 

BOLT  AND  NUT 


MACHINERY 


Including  ... 

Bolt  Cutters  (threaders),  Bolt  and  Rivet 
Headers,  Upsetting  and  Forging  Machines, 
Hot  Pressed  Nut  Machines,  Nut  Tappers, 
Washer  Machines,  Wire  Nail  Machines 
and  Lag  Screw  Gimlet  Pointers 


NATIONALMACHINERYfo) 
TIFFIN.  OH  IO.US.A    \j   J 
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Power  Plant  Equipment 
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SIDK    VIEW 


T  F  Low  Clearance  Means  Economy 
A    (and  it  is  for  you  to  decide),  then 
the  Wisconsin  Corliss  Engine  is 
the  one  to  buy. 

It  not  only  has  less  clearance  than 
any  other,  but  it  has  wider  ports  and 
much  shorter  steam  passages.  That 
means  more  power  from  the  same 
size  engine — with  less  steam. 

WISCONSIN    ENGINE 
COMPANY 

Engineers  and  Builders 
CORLISS,   WIS. 


The  capacity  of  your   power   plant 

can  be  increased  without  using  any  more  fuel, 
by  installing  Allis- Chalmers  Low  Pressure 
Steam   Turbines   operating  on  exhaust  steam. 

ALLIS=CHALMERS  COMPANY 

General  Offices,  Milwaukee,  Wisconsin 


TKe  Improved 

Murphy  Automatic  Stoher 

will  handle  all  grades  of  Bituminous  Fuels  with  high  efficiency. 
Is  adaptable  to  any   type  of  boiler  and  units  of  any  size. 


TRANSVERSE  SECTION 


Built  by  MURPHY  IRON  WORKS,  Detroit,  Mich. 

FOUNDED    1878  I  N C O R P O R A T E D    1 90 4 


Nelson  Steel  Gate  Valves 
For  Superheated  Steam 


Jy[AKE  them  strong! 

Spare  no  care  ! ! 
Must  be  right— ant 
tight !  ! !  Test  them 
hard  !  !  !  These  are 
the  watchwords  that 
govern  their  con  struc- 
tion.  Safety  cotn- 
mands  it.  Best 
of  cast  irons  or 
ordinary  steels 
are  too  weak— 
therefore  we  use 
the  strongest— ^r/V/  Open 
Hearth  Steel.  Bronze 
valve  fittings  disintegrate 
—therefore  in  all  work- 
ing parts  we  use  Monel, 
the  strong  metal  that  can- 
not weaken  or  corrode. 
Thus  you  have  a  valve 
more  than  65000  Ibs.-per- 
sq.-in.-s  t  r  o  ng  at  every 
point,  reliable,  safe,  for 
temperatures  up  to  800°F. 


Made  as  carefully  as 
the  finest  piece  of 
machinery  in  your 
plant.  Time  tested 
Nelson  discs  are 
the  simp  le — and 
effective  —mechan- 
ism that  keeps 
valve  tight,  ad- 
justing them- 
^^A  selves  to  contrac- 
^^Jm  tion  by  cold,  to 
-._^^  expansion  by 
heat,  or  any  other  dis- 
torting influence.  Abso- 
lute, thorough,  inspection 
of  every  detail,  most  rigid 
testing  of  every  part  from 
start  to  finish.  Test  cer- 
tificate plate  fastened  to 
each  valve.  Especially 
made  to  meet  the  severe 
duty  that  superheated 
steam  demands. 

//  interested..    Write. 


Nelson    Valve    Company,     Philadelphia 


New  York 
)  Church  St. 


Pittsburgh 
S2S  Third  Av 


Butte,  Montana  Chicago 

56  E.  Broadway        17  W.  Kinzie  St. 


Minneapoli.s 
Andrus  Building 


San  Francisco 
22  Battery  St. 


Montreal 
[2-14  University  St. 


TO  CONSULTING,  OPERATING  ENGINEERSAND  ENGINE  BUYERS 

We  are  now  prepared  to  furnish  Corliss  engines  of  both  simple  and 
compound  types,  having  Heavy  Duty  Tangye  or  Tubular  Girder  Beds, 
equipped  with  our  new  "Franklin''  patent  horizontal  gravity  latch  re- 
leasing gear,  enabling  us  to  secure  a  rotative  speed  of  200  revolutions 
per  minute. 

When  higher  speeds  are  required  we  furnish  Inertia  shaft  governor 
in  combination  with  our  well  known  double  ported  Corliss  Valves. 
Designed  for  either   belt   or  direct  connection. 

Write  for  Catalogue 


HEWES  &  PHILLIPS  IRON  WORKS      NEwm  n.  j. 


BALL  CORLISS  ENGINE 

With  Non-Detaching  Valve  Gear 

It  was  the  drop  cut-oflf  Rear  which  made  the  Corliss  Engine  successful  and  economical  for  slow  speeds 

The  feature  which  distinguishes  our  High  and  Medium  Speed  Engines  and  makes  them  superior  to 
all  other  four-valve  engines  is  our  patented  non-detaching  tiahe  gear. 

This  gear  by  positive  action  gives  the  valves  the  same  movement  that  the  drop  cut-off  of  the  slow 
speed  Corliss  produces  by  picking  up  and  dropping  them. 

The  valve  gear  opens  and  closes  the  valves  at  the  proper  time,  and  holds  the  valves  absolutely  still 
during  over  half  a  revolution. 

The  valves  are  given  the  movement  necessary  for  the  greatest  durability  and  tightness,  and  the  best 
form  of  valve  is  made  possible. 

This  engine  marks  the  extreme  limit  of  excellence  so  far  reached  in  economy  and  quiet  running. 

BALL  ENGINE  CO.,  Erie,  Penna. 


IMMUNE  TO   the    evils   of    EXPANSION 


Co" 


>  HAS  ^^ 


PROVED 


^ 


ITS 


SUPERIOR  COMPARATIVE  MERITS 

FOR 

BOILER  BLOW-OFF,  ETC. 


BECAUSE   IT 


L_J 


meets    requirements    perfectly 
without    repairs    or    complaint 

SPECIFIED  AND  USED  BY  lk'&\'SI&,, 

JOHN  SIMMONS  CO..  no  centre  st..  New  York.  N.  Y. 


Buckeye  Gas  Engines 

FOUR  CYCLE  -  DOUBLE  ACTING 
For  Natural  and  Producer  Gas 

75  to  10,000    B.  H.  P. 


Catalogues,    information    and   estimates    cheerfully    furnished 

BUCKEYE  ENGINE  COMPANY 

SALEM,  OHIO 


10 


Nash  Gas  Engines 

ARE 

Reliable,  Economical, 
Simple  and  Safe. 

25  years  leadership  of  Vertical 
Gas  Engine  Design. 

Operate  on  City  Gas,  Gaso- 
line, Distillate  and  Producer 
Gas. 

SIZES  3  to  425  H.  P. 

Catalogue  sent  promptly  on  request 
Meters  Croivn,   Empire,   Nash,   Gem,   Premier 

NATIONAL    METER    COMPANY 

84  CHAMBERS  STREET,        NEW  YORK 

Chicago  Boston  Pittsburg  Cincinnati  Los  Angeles 


Makers  of  the  ^orld  famous  Water 


WARREN    VERTICAL  AND    TANDEM    GAS 
ENGINES  AND  SUCTION  GAS  PRODUCERS 

POINTS  OF   MERIT 

Heavy  overload  capacity.     Close  regulation.     Positive  lubrication. 

Positive  circulation  of  cooling  water.     No  joints  between 

combustion    chamber    and    water   jackets. 

All  valve  cages  removable. 

The   most  reliable  and  economical  motive  power  obtainabi* 
Ask  your  consulting  engineer  to  Investigate 


STRUTHERS-WELLS    CO., 


Ne^w  York 
60  Church  Straet 


Warren,  Pa. 

Pittsburg 
310  House  Building 


Robb-Mumford  Boiler  Co, 


Successors  to 

EDWARD  KENDALL  &  SONS 

CHARLES  RIVER  IRON  WORKS 


Manufacturers  of 

Return  Tubular,  Water  Tube,  internally  fired  and  other 

types  of  Boilers;  Smoke  Stacks,  Tanks,  Etc. 

Works:— SOUTH  FRAMINGHAM,  MASS. 

Sales  Office:  131  State  St.,  Boston 


U.  S.  Automatic  Injectors  have  an  Inter- 
national Reputation  for  Superiority 


STEAM 

They  have  just  as  firm  a  foot- 
hold abroad  as  at  home.  Only 
j-o  genuine  merit  has  placed  the 
"U.  S.  Automatic"  in  this  posir 
tion.  The  more  particular  you 
are  about  securing  reliable  boiler 
feeding — the  better  it  pleases 
us— for  the  U.  S.  is  a  reli- 
able boiler  feeder. 

Send  for  our  Engineers'  "Red 
Book" — it  slips  right  into  the 
vest  pocket,  small  in  size,  but 
large  in  information. 

AMERICAN    INJECTOR    COMPANY 

DETROIT,  MICH. 


RIDGWAY  FOUR-VALVE  ENGINES 

have  established  a  record  for  maximum  econotny  among 
reciprocating  steam  engines. 

•  i,  If  you  are  interested  in  the  saving  of  oil,  water  and 
fuel,  you  should  carefully  investigate  the  unusual  claims 
we  make  for  these  machines. 

Bulletin  No.  22  H  describes  and  illustrates  the 
principal  features  of  gearing  and  important  details 

RIDGWAY   DYNAMO   AND    ENGINE   CO. 

RIDGWAY,  PA. 
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THE  BABCOCK  &  WILCOX  COMPANY 

85  LIBERTY  STREET,  NEW  YORK 

Water  Tube  Steam  Boilers 


STEAM  SUPERHEATERS 


MECHANICAL  STOKERS 


Works:   BARBERTON,  OHIO     BAYONNE,  N.  J. 


BOSTON,  10  Post  Office  Sq. 
PITTSBURGH,  Farmers  Deposit  Bank  Bldg. 
SALT  LAKE  CITY,  313  Atlas  Block 
CLEVELAND,  New  England  Bldg. 
LOS  ANGELES.  American  Bank  Bldg, 


PHILADELPHIA,  North  American 
NEW  ORLEANS,  Shubert  Arcade 
CHICAGO,  Marquette  Bldg. 
PORTLAND,  ORE.,  Wells-Fargo  Bl 
SE.\TTLE.  Mutual  Life  Bldg. 


SAN  FRANCISCO,  99  First  Street 
DENVER,  435  Seventeenth  Street 
ATLANTA,  Candler  Bldg. 
HAVANA,  CUBA,  116J  Calle  de  la  I 
CINCINNATI,  Traction  Bldg. 


JENKINS   BROS.   CHECK   VALVES 

are  made  from  Standard  and  Extra  Heavy  pattern,  both 
brass  and  iron  body,  in  several  different  styles — horizon- 
— ^  tal,  angle,  vertical,  swing.  All  are  fitted  with  the 
^3  Jenkins  Disc,  thus  assuring  a  tight  seat.  And  as  the 
Jenkins  Disc  takes  practically  all  the  wear,  the  seat  is 
seldom  injured,  and  valves  give  long  and  satisfactory 
service  without  requiring  attention  or  repair. 

Catalogue  mailed  on  request. 


JENKINS   BROS 


NEW   YORK 


BOSTON 


PHILADELPHIA         CHICAGO 


For  lubricating  graphite  you  can't  get  better  than 

DIXON'S  FLAKE  GRAPHITE 

Pure,  free  from  grit,  reliable  and  well-known.  You're 
sure  when  you  sell  Dixon's.  We'll  tell  you  more  on 
request. 

JOSEPH  DIXON  CRUCIBLE  CO. 

JERSEY  CITY.  N.  J. 


POWER  FOR  2c  A  KW.  HOUR 

If  you  are  paying  more  than  this  for  lighting  and  power  current 
you  are  throwing  good  money  away, — might  just  as  well  get  a  K.W. 
hr.  for  two  cents  and  put  the  difference  in  your  pocket.  Hundreds 
of  plants  are  already  running  as  economically  as  this  by  using 

AMERICAN  BALL  ANGLE  COMPOUND 
DIRECT  CONNECTED  UNITS 

The  Angle  Compound  Unit  is  built  especially  for  isolated  plant 
service.  It  has  superior  steam  economy,  gets  twice  as  much  power  on 
the  same  floor  space  as  a  simple  engine,  needs  very  little  attention 
(as  it  has  no  complicated  valve  gears  and  automatic  lubrication), 
sets  up  absolutely  no  vibrations,  and  is  therefore  suitable  for  use  in 
apartment  houses,  hospitals,  hotels,  etc.     Write  for  catalog. 


AMERICAN  ENGINE  COMPANY 

42  RARITAN  AVE.  23  BOUND  BROOK, 


N.  J. 


FRANKLIN  water-tube  BOILER 

BUILT  BY 

Franklin  Boiler  Works  Co. 

TROY,  N.  Y. 

General    Sales   Office 

39  Cortlandt    Street 
NEW        YORK 

HEINE   ^t-Vk"   BOILERS 

and 

SUPERHEATERS 

In  units  of  from  50  to  600  H.  P. 

Heine  Safety  Boiler  Co.,  St.  Louis,   Mo. 

BRANCH    OFFICES 
Bpston  New  York  Philadelphia  Pittsburgh  Chicago  New  Orleans 


THE 


HOOVEN-OWENS-RENTSCHLER   CO. 

Builders  of 

HAMILTON 
CORLISS 
ENGINES 

Standard  of  Merit 

Works  at 

HAMILTON,  OHIO 


WE  SPECIALIZE 

We  concentrate  our  entire  attention  on  valves 
and  hydrants  and  do  not  have  a  line  of  miscel- 
laneous sundries  such  as  fittings,  boiler  trim- 
mings, etc.,  to  divide  our  interests.  Thus  we 
can  give  valves  particular  attention. 

The  result  of  this  concentrated  effort  is  shown 
in  Kennedy  Valves — it  shows  in  their  design, 
workmanship  and  finish. 

THE  KENNEDY  VALVE  MFG.  CO. 

ELMIRA,  N.  Y. 
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Superheated  Steam 

Papers  read  before 

The  American  Society  of  Mechanical  Engineers 
from  1890  to  1908 

The  Society  has  a  limited  number  of  copies  of  papers  on  Super- 
heated Steam  which  have  been  presented  before  it.  Orders  will  be 
filled  until  the  supply  is  exhausted. 

Price  to      Non-     ' 
No.  Members  Membersi 

359    Tables  of  the  Properties  of  Steam,  V.  Dwelshauvers- 

Dery $.15  $.30 

689    Superheated  Steam,  Facts,  Data  and  Principles, 

R.  H.  Thurston 25     50 

853     Pumping  Engine  Test  with  Superheated  Steam, 

E.H.Foster 5     10 

905  The  Practical  Application  of  Superheated  Steam, 

Geo.  A.  Hutchinson 15    30 

906  Superheated  Steam,  Ernest  H.  Foster 5     10 

1024     Tests  of  a  Compound  Engine  using  Superheated 

Steam,  D.  S.  Jacobus 10  20 

1150  The  Flow  of  Superheated  Steam  in  Pipes,  E.H.Foster  5  10 

1151  Superheat  and  Furnace  Relations,  R.  P.  Bolton .. .  5  10 

1152  EntropyLinesof  Superheated  Steam,  A.  M.Greene  5  10 

1153  The  Cole  Locomotive  Superheater,  W.  F.  M.  Goss .  5  10 

1154  Experiences  with  Superheated  Steam,  G.  H.  Barrus  5  10 

1155  The  Use  of  Superheated  Steam  in  an  Injector,  S.  L  5  10 

Kneass    5     10 

1156  Superheated  Steam  on  Locomotives,  H.  H.  Vaughan    10     20 
1158     Materials  for  the  Control  of  Superheated  Steam, 

M.  W.  Kellogg 5     10 

1178  The  Specific  Heat  of  Superheated  Steam,  C.  C. 

Thomas 30     60 

1179  Designs  for  the  Use  of  Highly  Superheated  Steam, 

M.  E.  R.  Toltz 10    20 

1196    Thermal  Properties  of  Superheated  Steam,  R.  C.  H. 

Heck 15    30 

1211  A  Method  of  Obtaining  Ratios  of  the  Specific  Heat 

of  Vapors,  A.  R.  Dodge 10    20 

1212  The  Total  Heat  of  Saturated  Steam,  H.  N.  Davis  .  .     15    30 
Set  complete $2.00  4.00 

Address  Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York. 
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Electrical    Equipment 


Machine   Shop  Equipment         -----  Section    I 

Power  Plant  Equipment           ....              -  Section  2 

Electrical  Equipment                  .....  Section  3 

Hoisting   and  Conveying  Machinery.     Power  Transmission       -  Section  4 

Engineering   Miscellany              .              -              .              .              .  Section  5 

Directory  of  Mechanical   Equipment                  ...  Section  6 


Westinghouse  Type  ''MS'' 

AIternating=Current        iVllll     iVlOtOrS 

A  partial  li.st  of  iron  and  steel  manufacturer.s  wijo,  by 
repeated  orders  ?iave  recognized  the  unequalled  elec- 
trical and  mechanical  features  of  Type  "MS"  Mill 
Motors  follows: 

American  Iron  &  Steel  Co. 
America  Steel  &  Wire  Co. 
Cambria  Steel  Co. 
Carnegie  Steel  Co. 
Indiana  Steel  Co. 
Jones  &  Laughlin  Steel  Co. 
Oliver  Iron  &  Steel  Co. 
Pennsylvania  Steel  Co. 
Spang  Chalfant  Co. 
Spanish=American  Iron  Co. 
Tennessee  Coal,  Iron  &  R.  R.  Co. 
W  heeling  Steel  &  Iron  Co. 

SEE    CIRCLLAR  No.    1164 

Westinghouse  Electric  &  Manufacturing  Co.,  Pittsburg  Pa. 

Sales  Offices   in  all  Large  Cities 


There  is  no  mistaking  the  opinion  of  this 
man  as  to  \\'estin<^house  Leblanc  Conden= 
sers:   read  what  he  says: 

"We  have  had  In  operation  contin- 
uously for  14  months,  one  500  h.  p. 
condenser,  24  hours  per  day.  I  wish  to 
say  that  during  that  time  the  condenser 
has  cost  us  $4. .50  for  lubrication,  and  not 
one  penny  has  been  spent  for  repair  In 
any  way,  shape,  form  or  fashion.  There 
is  nothing  to  get  out  of  order,  not  a 
single  valve  to  renew  fwhich  is  very 
expensive  in  the  old  t>T)e  of  condenser; . 
I  have  had  quite  a  deal  of  experience 
nrith  condensers  and  lean  honestly  say 
the  Leblanc  Condenser  is,  by  far,  the 
most  eflScient  and  economical  condenser 
on  the  market  to-day. 
I  base  my  decision  on  the  high  vacuum 
The  condenser  will  carrj-  throughout  the 
year.  We  carrj-  29  inches  all  the  time, 
not  by  gauge,  but  by  mercury-  column, 
which  must  be  correct." 

SEND  FOR  CIRCLLAR  501 

THE     WESTINGHOUSE    MACHINE    COMPANY 

PITTSBLRG,   PA. 


The  Right  Cutting  Speed 

by  a  Turn  of  the  Handle 


When  installing  a  mechanical 
drive,  the  designing  engineer  some- 
times knows  the  kind  of  work  to 
be  done  and  can  select  pulle}^ 
diameters  to  approximate  the  best 
cutting  speeds. 

This  is  not  so  with  machine  re- 
pair shops,  where  the  work  and 
metal     are    con-    ry  | 

stantly  changing.    vlCIlCrfll 
Here   it   is  prac- 
tically impossible        l^ri'^rti* 

to  foretell  the  ITIVIVFI 

economical  cutting  speeds.  Nec- 
essarily a  compromise  is  made,  and 
a  mechanical  drive  installed  with 
speed  steps  that  are  often  unsuited 
to  the  work  being  done. 

For  all  work  requiring  variable 
speed  the  General  Electric  Motor 
Drive  gives  the  best  cutting  speed 
for  any  cut  on  any  kind  of  metal 
by  the  mere  turn  of  a  handle 
placed  where  most  convenient. 

The  mechanic  sets  up  his  work, 


sets  his  tool  and  then  quickly  raises 
the  speed  until  the  tool  has  all  it 
can  stand.  This  saves  time — at 
least  an  hour  or  two  a  day. 

No  time  lost  hunting  for  shifter 
sticks  and  no  unsuccessful  attempts 
at  jumping  the  belt  up  or  down 
only  to  find  the  speed  selected  has 
|-^j  J  •  burnt  and  taken 
tlCCtnC  the  edge  off  the 
^  tool.     No  costly 

111*1  Y'p  rolhng  stock  tied 

*^     1  ▼  V  yp    through   loss 

of  time  when  scheduled  for  a  run. 
Just  the  right  speed  instantly  by  a 
turn  of  the  handle. 

The  General  Electric  Company, 
through  its  competent  corps  of  en- 
gineers, is  enabled  to  recommend 
the  latest",  most  economical  appli- 
cations of  electric  power  in  rail- 
road shops.  Write  them  for  advice 
concerning  any  power  problem 
that  mav  be  encountered. 


General   Electric    Company 


Largest  Electrical  Manufacturer  in  the  Worl 

Principal  OflEice: 
Schenectady,  N.  Y. 


Sales  Offices  in  all  Large  Cities 
2567 


GAS  -   ELECTRIC     UNITS 

built  by  Allis-Chalmers  Company  offer  the 
most  satisfactory  answer  to  the  modern  demand 
for  the  development  of  power  with  low  costs 
for  fuel  and  maintenance. 

ALLIS-CHALMERS  COMPANY 

Offices  in  all  principal  cities 


YEAR  BOOKS 

The  Society  wishes  to  have  a  file  of  year  books  or  catalogues  complete 
since  its  formation.  Will  members  who  have  any  of  the  following 
numbers  either  send  them  to  the  Society  or  correspond  with  the  Secretary 

No.   2,   1881  No.     6,   1885  No.   13,  1892,  July 

No    3,   1882  No.     7,   1886  No.   14,   1893,  January 

No.  5,   1884  No.   12,   1891,  July  No.  14,   1893,  July 

The  American  Society  of  Mechanical  Engineers 
29  West  39th  Street,  New  York 


RELIANCE  ADJUSTABLE 
SPEED  MOTOR 

This  wheel  corvtrol^* 
the   speed   chanqe^y 
No  electrical 
corvtroller  tveeded 

'  I  *HIS  is  the  only  motor  which  by  simple  means  gives  the  power,  overload  capacity  and  really 
accurate  speed  adjustment  over  wide  ranges  necessary  to  meet  the  changing  conditions  which 
are  constantly  arising  in  machine  tool  work.  It  gives  a  constant  horsepower  output  at  all 
speeds,  stands  heavy  overloads,  holds  a  set  speed  steadily  under  changing  loads  and  shows  a  high 
efficiency.  In  contrast  to  the  limited  number  of  speeds  and  small  ranges  obtained  with  an  electrical 
controller  our  method  gives  an  unlimited  number  of  running  speeds  throughout  wide  ranges. 

The  starting  and  stopping  of  the  motor  is  entirely  separate  from  the  speed  control  so  that  It  la 
possible  to  use  a  rugged  automatic  starter  which  makes  the  entire  equipment  "fool-proof." 

We  are  prepared  to  furnish  all  types  of  motors  for  the  complete  equipment  of  machine  shops 
We  will  also  design  and  manufacture  all  brackets,  gears,  etc.,  for  converting  your  belt  driven  tools 
to  motor  drive.  Ask  us  to  send  a  copy  of  our  Folder  No.  10-S  which  contains  interesting  informa- 
tion for  the  machine  tool  user. 

RELIANCE    ELECTRIC   &  ENGINEERING    CO. 

710  Caxton    Building,  Cleveland,  Ohio 
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Shop  Management 

Papers  read  before 

The  American  Society  of  Mechanical  Engineers 

from   1890  to   1909 

The  Society  has  a  limited  number  of  copies  of  papers  on  Shop 

Management  which  have  been  presented  before  it.  Orders  will  be 

filled  until  the  supply  is  exhausted. 

Vol.    No. 

frlce 
List 

23—928 

Bonus  System  of  Rewarding  Labor,  H.  L.  Gantt.  .  .      .20 

24—998 

Drawing  Office  Equipment,  John  McGeorge 20 

5—143 

Drawing  Office  System,  H.  R.  Towne 10 

24—965 

Gift  Proposition  for  Paying  Workmen,  F.  Richards.       20 

24-1002 

Graphical    Daily    Balance    in  Manufacture,  H.   L. 

Gantt 20 

25-1012 

Is    Anything    the    Matter  with   Piece    Work?     F. 

24-1001 

Richards 20 

Machine   Shop    Problem,  C.  Day 20 

18—711 

Method  of  Determining  Selling  Price,  H.  M.  Lane.  .      .20 

18—739 

Method  of  Shop  Accounting,  H.  M.  Lane 10 

25-1011 

Modifying  System  of  Management,  H.  L.  Gantt.  .  .        10 

16—647 

Piece  Rate  System,  F.  W.  Taylor 30 

12—449 

Premimn  Plan  of  Paying  for  Labor,  F.  A.  Halsey 20 

8—256 

Problem  in  Profit  Sharing,  Wm.  Kent 30 

24-1003 

Shop  Management,  F.  W.  Taylor 90 

25-1010 

Slide  Rules  for  the  Machine  Sho]),  C.  G.  Barth 20 

30-1221 

Training  Woikmen,  H.  L.  Gantt 10 

i;3 .  70 

$3.r)0  for  the 

Address 

set. 

Mi'inber.s'  rites  are  half  the  list  price. 

Calvin  W.  Rice,  Secretary,  29  West  39th  St.,  New  York 
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Hoisting  and  Conveying  Machinery 
Powder  Transmission 


Machine  Shop  Equipment       .  -  .  .  -  Section    1 

Power   Plant   Equipment  ,  .  -  .  .  Section  2 

Electrical   Equipment  .  .  .  .  -  Section  3 

Hoisting   and  Conveying   Machinery.     Power  Transmission      -  Section  4 

Engmeering   Miscellany  ....  -  Section  5 

Directory  of   Mechanical   Equipment  ...  Section  6 


Dirt,  Dust  and 

Accident  Proof 

THE  gear  system  in    a   Triplex   Block   isn't 
afraid    of    hard    service.       Like  all   good 
machines,  its  only  enemy  is  dirt.     But  the  pressed 

A  Triplex  Block       steel  gear  cover  that  we  put  on  it  not  only  pro- 
with  dirt-proof  cov«.     jg^,jg  |j  {j-Qjjj  jifj  j^jjj  jygj^  l^yt  ^j^gjj  gj  careless 

workman  lets  it  drop,  it  just  gets  dented  a  little— it  won't  break. 
That's  one  of  the  reasons  why  it  lasts  a  lifetime.      You  may 
have  one  by  just  asking  us  or  your  nearest  dealer. 

!4  Styles:     Differential,  Duplex,  Triplex,  Electric. 
42  Sizes:     An  eighth  of  a  ton  to  forty  tons. 
300  active  stocks  ready  for  instant  call  all  over  the  United  States. 

The  book  of  Hoists  tells  much — for  a  post  ca.rd 

The  Yale  &  Towne  Mfg.  Co. 

Makers  of  Yale  Products  9  Murray  Street, 

Locks,   Padlocks,  Builders'  Hardware,  \I««r    W r^Ar 

Door  Checks  and  Chain  Hoists  ^^^^     ^  ^^^ 

Local  Offices:         Chicago  Boston  Washington  San  Francisco 


OTIS  ELEVATORS 

ALL  TYPES 

FOR  EVERY  KIND  OF  SERVICE 

Otis  Elevator  Company 

OFFICES 
IN   ALL   PRINCIPAL  CITIES   OF  THE  WORLD 


Conveyor    Belt    User 

Have  you  had  trouble  with  the  Edge  of  Your  Belt? 

Does  it  come  loose,  peel,  break  off,  or  wear  away  ? 

Then  let  your  next  belt  be  a 

Goodrich 
Conveyor 
Belt 


Goodrich  Conveyor  Belt 


This  is  the  best  edge  ever  put  on  a  conveyor  belt.  Notice  how  the 
top  cover  is  carried  around  into  the  back  cover  without  leaving  a  thin 
corner  to  break  loose.  No  square  corners  to  catch.  No  molded  edge 
to  peel  off.  The  edge  is  formed  by  a  special  process  of  our  own  and 
is  vulcanized  before  the  rest  of  the  belt  so  that  the  adhesion  of  the 
corner  around  the  edge  is  as  perfect  as  elsewhere.  This  edge  cover 
stays  on  until  worn  off  and  thus  protects  the  fabric  from  the  entrance 
of  moisture  which  quickly  deteriorates  the  whole  belt  and  causes  the 
thick  top  cover  to  peel  off.     We  make  a  good  belt  with  a  real  edge. 


The  B.  F. 


Goodrich  Company 

Akron,  Ohio 


Jeffrey  Conveyers 

insure  Economy  and  Satisfaction 

in  handling  materials  of  all  kinds 


Drop  a.  ca.rd  for  our  conveying 
catalog  K81 


We  build  absolutely 

dependable  conveying 

systems  and  quote  the 

loivest  prices  consistent 

"with    the  best  materials 

and  ^workmanship. 

The   Jeffrey  Mfg.    Company 


ago 
Si.  Louis 
Denvei 


Columbus 


Montreal 
Pittsburg 
Charleston,  W.  Va 


Ohio 

Boston 
New  York 
Birmingham 


^   CONVEYING 
MACHINERY 

for  the  mechanical 

handhng  of  all 

materials. 

Greatest  Keliability. 

Maximum  Efficiency. 

We  will  send  to  engineers  upon 
request  our  672  p.  catalog 
which  contains  valuable  data 
on  the  subject  of  conveying 
machinery 

STEPHENSADAMSON  MFG. 
CO. 

164  Dearborn  St., 

50  ChurchTt.!"-        AURORA,  ILLINOIS 
New  York,  N.  Y. 


DIAMOND  CHAIN  MAKES  SPLENDID  FEED  DRIVES 


Tlie  two  Diamond 
Chain  Drives  indi- 
cated in  the  accom- 
panying cut  of  a  4§ 
in.bySOin.Bardons 
&  Oliver  Turret 
Lathe  are  typical 
of  many  installa- 
tions now  driving 
parts  of  well-known 
American  machine 
tools. 

The  conditions  are 
especially  favora- 
ble for  Diamond  Chains  on  automatic  machines  where  accurate  timing  of 
operations  to  prevent  interference  with  each  other  and  where  an  absolutely 
reliable  and  positive  drive  are  essential  to  good  quality  of  product.  The 
substitution  of  chain  and  sprockets  for  belted  or  friction  drives  in  such 
instances  not  only  increases  the  safety  of  the  machine  but  increases  the  out- 
put sufficiently  to  pay  for  the  change  in  a  short  time. 

Tell  us  your  transmission  troubles  and  our  engineers  will  tell  you  if  chain 
offers  the  remedy. 


DIAMOND  CHAIN  &  MFG.  CO. 

259   W.   GEORGIA  ST.  INDIANAPOLIS, 

Capacity  8,000,000  feet  per  hour 


IND. 
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The  plain  truth 
about  wire  rope 

The  are  jus£  two  ways  in  the  wide  world  to  cheapen  wire  rope; 

(i)  Rush  the  rope  through — kinks,  twists,  imperfections  and 
all — or 

(2)     Substitute  cheap  material. 

The  buyer  who  insists  on  low  prices  forces  the  maker  to  one  or 
both  of  these  evils. 

That  is  all  there  is  to  the  cheapening  problem— absolutely  a-1-1. 

Therefore  the  buyer  of  cheap  ropes  buys  a  liability  to  much 
trouble — much  expense. 

On  the  other  hand,  "YELLOW  STRAND"  ROPE  stands  first, 
last,  always,  for  HONESTY,  SAFETY,  DURIBILITY. 

And  in  the  end  it  is  vastly  the  CHEAPEST  in  the  true  sense  o. 
REAL  ECONOMY. 

If  vou  don't  want  cheap  rope,  stipulate  "YELLOW  STRAND." 
And  demand  that  "YELLOW  STRAND"  appear  on  the  mvoice. 

Ask  for  Catalogue  No.  2. 


BRODERICK  &  BASCOM 

ROPE 

CO. 

ST. 

LOUIS,  MO. 

Works: 
St.  Lious,  Mo. 
Seattle,  Wash. 

Branches: 

76  Warren  St.,  New  York 

Seattle,  Wash.  San  Francisco 

THE 

STANDARD 

WIRE 

ROPE 


MEAD -MORRISON 

MANUFACTURING  COMPANY 

THE   McCASLIN   CONVEYOR 


CIMPLICITY,  strength  and  durability  char- 
^  acterize  McCaslin  Noiseless  Overlapping 
Gravity  Bucket  Conveyors.  Satisfactory  oper- 
ation under  the  most  trying  conditions  of  ser- 
vice is  assured.  The  McCaslin  Conveyors  are 
in  operation  in  the  most  modern  Power  Plants 
and  Cement  Mills  in  the  world.  Correspond- 
ence invited. 

Works  and  General  Offices,  Cambridge,  Massachusetts 

New  York          -           149  Broadway  Pittsburg,  712-713  Machesney  Bldg. 

Chicago         -         Monadnock  Block  San  Francisco    -    Metropolis  Bldg. 

Baltimore,    821  Equitable  Building  New  Orleans,  110  North  Peters  St. 

Montreal        -  286  St.  James  St. 
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ALLIANCE    CRANES    All    Types 

Also  Rolling 
Mill  and 
Hydraulic 
Machinery, 
Steam  Ham- 
mers, Punches  and  Shears,  Scale  Cars,  Copper 
Converting  Machinery,  etc. 

THE  ALLIANCE  MACHINE  CO.  Alliance,  Ohio 

Pittsburg  Office,  Frick  Building.  Birmingham  Office,  Woodward  Building 


ELECTRIC   TRAVELERS 
.All  Types  for   Every  Service 


COMPLETE  EQUIPMENT 

AND  Cranes  of  All  Kinds  for 
GREY  IRON,  STEEL  AND  MALLEABLE 

^         FOUNDRY  PLANTS 

Buildings  designed  and  furnished.  Equip- 
ment installed  and  operated.  Plant, 
delivered   to    purchasers   ready  to   run. 

Whiting  FoiNDRY  EoiiPMENT  Co. 

Manufacturers,  Engineers,  Designers 
HARVEY,  ILL.  (Chicago  suburb) 


If  you  need  ELECTRIC  AND  HAND  TRAVELING  CRANES 


Learn  about 


ICRANESl 


Made  to  suit  the  most  exacting  engineering  requirements  and  the  most  severe 
duty.  All  types,  capacities  and  sizes.  Safety  to  employes  given  especial  con- 
sideration in  all  our  designs. 

NORTHERN  ENGINEERING  WORKS, ^J^T^^'^ 


NEW  YORK  OFFICE,   120  LIBERTY  STREET 


CHICAGO,   539  MONADNOCK 


DO  YOU  KNOW 


that  there  have  been  many  instances  in  the  Mechanical 
and  Electrical  field  where  machines  or  devices  were 
found  impossible  of  practical  or  commercial  construction 
because  of  bearing  troubles  and  in  many  instances  these 
difficulties  have  been  entirely  overcome  by  the  use  of 
ball  or  roller  bearings-  Can   we  assist  you? 

STANDARD    ROLLER    BEARING    COMPANY 

PHILADELPHIA,  PA. 


THE 


NOT 

IN  THE 

.TRUST 


HJREEDY 

CINCINNATI,  O. 

ELEVATORS 


COMPANY 
INC. 


EVERY  TYPE 


CLYDE 


High  Grade   Hoisting   Engines 

have  steel  gears  and  ratchets. 

They  have  extra  heavy  shafting  and  long  bearings. 

Frictions  are  positive.     Connecting  rods  have  solid 

ends.     Boilers  have  large  heating  capacity  and 

securely  anchored.  Ask  for  Catalogue. 

CLYDE  IRON  WORKS 

DLLUTH,  MINN. 

WAXNAH,  GA.       CHICAGO,   ILL.       NEW  ORLEANS,  LA. 


SPRAGUE 
ELECTRIC 


HOISTS 


SAFE    and    QUICK 

Handling  of  loads  is  greatly  facilitated 
when  the  SPRAGUE  ELECTRIC  HOIST 

is  used  for  lifting  and  conveying. 

PROFITS  ACCRUE  WHEN  THE 
UNCERTAIN,  SLOW,  AND  COM- 
PARATIVELY EXPENSIVE  MAN- 
UAL OPERATION  IS  ELIMINATED 

Pamphlet  No.  23360  illustrates   and   describes  up-to-date 
methods 


SPRAGUE     ELECTRIC    COMPANY 

General  Offices:  527-531   West  34th  Street,  NEW   YORK 

BRANCH  OFFICES  IN   PRINCIPAL  CITIES 
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TRANSACTIONS 

VOL.  30 

The  American  Society  of  Mechanical  Engineers 

Among  many  valuable  papers,  the  following  deal  with  five  important 
branches  of  Mechanical  Engineering. 


CONVEYORS 

Hoisting  and  Conveying  Machi- 
nery. 

Continuous  Conveying  of  Ma- 
terials. 

The  Belt  Conveyor. 

Conveying     Machinery     in     a 
Cement  Plant. 

Performance  of  Belt  Conveyors 

PROPERTIES  OF  STEAM 

Thermal    Properties    of   Super- 
heated Steam. 

A  Method  of  Obtaining  Ratios 
of  Specific  Heat  of  Vapors. 

The    Total    Heat    of   Saturated 
Steam. 


Metal   Cutting  Tools   Without 
Clearance. 

Interchangeable  Involute  Gear- 
Tooth  Systems. 

Spur  Gearing  on  Heavy  Railway 
Motor  Equipments. 


GAS  POWER 

A  Simple  Continuous  Gas  Calori- 
meter. 

Horse  Power,  Friction  Losses 
and  Efficiency  of  Gas  and  Oil 
Engines. 

A  Simple  Method  of  Cleaning 
Gas  Conduits. 

Loss  of  Fuel  Weight  in  a 
Freshly  Charged  Producer. 


MACHINE  SHOP  PRACriCE     STEAM  POWER  PLANT 


Comparison    of   Screw    Thread 
standards. 

Efficiency  Tests  of  Milling  Ma- 
chines and  Milling  Cutters. 

Development  of  a    High-Speed 
Milling  Cutter. 


Fuel  Economy  Tests  at  a  Large 
Oil  Burning  Electric  Plant. 

Unnecessary    Losses    in    Firing 
Fuel  Oil. 

The    Slipping   Point   of    Rolled 
Boiler  Tube  Joints. 


BOUND,   HALF  MOROCCO,  $U.OO  A  VOLUME 

The  American  Society  of  Mechanical  Engineers 
29  West  39th  Street,  New  York 


ADVERTISING      SUPPLEMENT 


SECTION  5 


Engineering   Miscellany 


Machine  Shop  Equipment       -----  Section   1 

Power  Plant   Equipment  -----  Section  2 

Electrical   Equipment  -----  Section  3 

Hoisting  and  Conveying   Machinery.     Power  Transmission      -  Section  4 

Engineering   Miscellany  -----  Section  5 

Directory  of  Mechanical   Equipment  -  -  -  Section  6 


Simplex  and  Duplex 
'To  be  Simple  is  to  be  Great" 


American  Service  Pumps 

are  ideal  for  intermittent  service. 
They  cannot  short  stroke,  race 
or  pound  and  can  be  adjusted  to 
suit  conditions  We  guarantee 
very  low  steam  consumption  and 
minimum  cost  for  repairs. 

American  Steam  Pump  Company 

Battle  Creek,  Michigan 

Write  for  Bulletin  No.  SS?  B 


GOULDS 

^^^1^1^ 

Triplex  Power  Pumps  will  meet  your  pumping 
problem  more    economically  than   any  other   type. 
Their  great  saving  and  effiiciency  is  acknowledged 
by  Engineers  everywhere 

M '^'itSBsBBm   ^ 

Write  for  complete  Catalog 

THE  GOULDS  MFG.  CO. 

^S^^SBH 

78  W.  Fall  Street                      Seneca  Falls,  N.  Y. 

m^^K^^^^^f 

Branches  in  all  large  cities 

^^^^^^ 

CENTRIFUGAL 
PUMPING  MACHINERY 

Of  all   Descriptions 

MORRIS  MACHINE  WORKS 

BALDWINSVILLE,   N.  Y. 

HENION  &  HUBBELL,  Agents,  61-69  N.  Jefferson 

Street,  Chicago,  111. 

H.  A.  PAINE,  Agent,  Houston,  Tex. 
New  York  Office,  139-41  Cortlandt  Street 


f 


THE    VENTURI    HOT    WATER    METER 

does  not  have  to  be  sent  back  to  the  makers 
every  six  months  to  be  tested. 

IT  IS  RIGHT  AT   FIRST 
AND    IT    STAYS    RIGHT 

New  Bulletin  No.  68  tells  why.     May  we  send  you  a  copy.' 

BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.   I. 

W.  D.  Hess,   431  The  Rookery,  Chicago,  Agent  for  Central  States. 
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PERFORATED   METALS 


ANYTHING  IN  PERFORATED  METAL 

^  We  perforate  Steel,  Copper,  Brass,  Zinc,  Tin,  Alumi- 
num or  any  other  Sheet  Metal  for  all  purposes  and  all 
sorts  of  Screens. 

^  Ornamental  Screens,  for  Heating  and  Ventilating 
Apparatus,  Radiator  Guards,  Elevator  Enclosures,  Lock- 
ers, Partitions,  Railway  Coaches,  Ventilators,  etc. 

^  For  Electrical  Manufacturing,  Storage  Batteries,  Rheo- 
stat and  Controller  Covers,  Car  Heaters,  Lamps,  Water 
Purifiers,  Electric  Vehicles,  Automobiles  and  other  uses. 

fl  Our  Screens  are  used  in  Mining  and  Grain  Cleaning 
Machinery,  Textile  Mills,  Clay  Machinery,  Pulp  and 
Paper  Mills  and  for  screening  Stone,  Cement,  Coal,  etc. 

^  Standard  sizes  of  Perforated  Brass  and  Tin  only  in 
stock.     Other  work  is  to  order. 

^  Send  full  specifications  and  sample  if  possible,  as  we 
have  as  large  a  variety  of  sizes  and  patterns  of  dies  as  can 
be  found  anywhere. 

^  Doubtless  we  have  just  what  you  want  or  can  make  it, 
and  quotations  will  be  satisfactory. 

THE  HARRINGTON  &  KING  PERFORATING  CO. 

61  5   North  Union  St.,  Chicago,  111..  U.  S.  A.  New  York  Office,  I  14  Liberty  Street 
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ADVERTISING     SUPPLEMENT 


SECTION  6 


DIRECTORY 

OF 

MECHANICAL 
EQUIPMENT 


A  concise  reference  list  of  Machine  Shop,  Power  Plant  and 
Foundry  Equipment;   Pumping  Machinery;   Power 
Transmission  Machinery;   Electrical  Appa- 
ratus;   Hoisting    and    Conveying 
Machinery  and  allied  lines. 


MACHINE  SHOP  EQUIPMENT 


MACHINE  SHOP  EQUIPMENT 


BUTTERFIELD  &  CO. 

DERBY  LINE,  VT.  ROCK  ISLAND,  P.  Q. 

Manufacturers   of  Taps,    Dies,    Screw  Plates,    Stocks   and    Dies,   Tap 

Wrenches,  and  all  Thread  Cutting  Tools.  Our  goods  are  not  surpassed  by 
any  in  the  world. 


TAPS 

and 
DIES 


THE  CARBORUNDUM  COMPANY 

NIAGARA  FALLS,  N.  Y. 

Sole  manufacturers  in  America  of  Carborundum,  the  hardest,  sharpest,  quickest 
cutting  and  most  uniformly  perfect  abrasive  material  known.  The  Carborundum  pro- 
ducts include:  Grinding  Wheels  for  every  possible  grinding  need,  Sharpening  Stones, 
Oil  Stones,  Rubbing  Bricks,  Carborundum  Paper  and  Cloth,  Valve  Grinding  Compound, 
Carborundum  Grains  and  Powders,  and  Garnet  Paper. 


CARBORUNDUM 
PRODUCTS 


THE   J.    M.    CARPENTER  TAP  &  DIE  CO. 

PAWTUCKET,  R.  I. 
Carpenter's  Tools  for  cutting  Screw  Threads,  Taps,  Dies,  Screw  Plates, 
Dies  and  Stocks,  Tap  Wrenches,  etc.,  have  been  38  years  on  the  market 
and  38  years  in  the  lead. 


TAPS 
and 
DIES 


CINCINNATI  GEAR  CUTTING  MACHINE  CO. 
CINCINNATI,  O. 

Our    Automatic    Spur  Gear  Cutting  Machines  exceed  in    power   and 
capacity  and  equal  in  accuracy  any  machines  of  their  type  made. 


GEAR 

CUTTING 

MACHINES 


THE    CINCINNATI    SHAPER    CO. 

CINCINNATI,  O. 

We  manufacture  the  most  complete  line  of  Shapers  made,  including 
Plain  Crank,  Back  Geared  Crank,  Geared  Rack,  Open  Side  and  Traverse 
Shapers,  as  well  as  Crank  Planers. 


SHAPING 
MACHINES 


THE  FELLOWS  GEAR  SHAPER  CO. 

SPRINGFIELD,  VT. 

The  Gear  Shaper  cuts  the  smoothest  gears  in  use,  because  the  cutter  is  a  theoreti- 
cally correct  generating  tool  and  is  ground   after   being   hardened.     It   is   also  the 
machine  on  the  market  bv  25  to  50%.     Literature  gives  reasons  in  detail. 


GEAR 
SHAPERS 


THE  GARVIN  MACHINE  COMPANY 

137  Varick  St.  NEW  YORK  CITY 

Manufacturers  of  a  complete  line  of  Plain  and  Universal  Milling  Machines,  Screw 
Machines,  Monitor  Lathes,  Tapping  Machines,  Duplex  Drill  Lathes,  Speed  Lathes,  Cut- 
ter Grinders,  Automatic  Chucks,  etc. 
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MILLING 
MACHINES 


MACHINE  SHOP  EQUIPMENT 


'NOISELESS' 
RIVETING 
MACHINES 


THE  GRANT  MANUFACTURING  &  MACHINE  CO. 
BRIDGEPORT,  CONN. 

Send  to  us  your  samples  and  we  will  rivet  them  with  our  Noiseless,  Blowless, 
Spinning  Process,  and  return  to  you  free  of  charge,  giving  rate  of  production  which 
is  usually  more  rapid  than  one  per  second. 


HOLLOW 

SET 
SCREWS 


HAMMACHER, 

SCHLEMMER 

k 

CO. 

New  York,  since  1848 

4.th  Avenue  and  13th  Street 

Hardware 

Tools  and  Supplies 

Including  Hollow  Set  Screws.     See  special  advertisement 

under ' 

'Ma- 

chine  Shop  Equipment." 

TURRET 
LATHES 


JONES  &  LAMSOX  MACHINE  CO. 

SPRINGFIELD,  VT. 

Manufacturers  of  the  Hartness  Flat  Turret  Lathe;  made  in  two  sizes 
for  both  bar  and  chuck  work. 


HEAVY  DUTY 
BORING 
MILLS 


THE  KING  MACHINE  TOOL  CO. 

CINCINNATI,  O. 

Vertical  Turret  Machines,  28"  and  34".     Vertical  Boring  and  Turning 
Machines,  42"  to  84",  inclusive. 


LATHES 

MILLING 

MACHINES 


THE  R.  K.  LE  BLOND  MACHINE  TOOL  CO. 

CINCINNATI,    OHIO. 

We  manufacture  a  complete  line  of  Heavy  Duty  Lathes  and  Milling  Machines. 
They  are  scientifically  designed,  so  the  power  is  limited  only  by  the  strength  of  the 
cutting  tool.     It  will  pay  you  to  investigate  our  machines.     Catalogue  upon  request. 


MACHINE 

TOOLS 

ENGINEERING 

SPECIALTIES 


MANNING,  MAXWELL  &  MOORE,    Inc. 

SINGER  BUILDING,  NEW  YORK 
Are  the  largest  and  best  known  distributors  of  Machine  Tools  in  the 
world   and   carry  in  stock  the  product   of  the  foremost  designers  of  the 
many  branches  of  machine  tool  building  in  the  United  States. 


DRILLS 
GRINDERS 


NATIONAL   MACHINE   COMPANY 

HARTFORD,  CONN. 
AN^d'^'tapp'i'ng  I  Sensitive  Drills,  1  to  10  Spindles;  Reamer  and  Surface  Grinders;  Cen- 

MACHiNES       taring  and  Tapping  Machines.     All  kinds  of  Universal  Printing,  Embossing, 
and  Cutting  and  Creasing  Machines.     Send  for  catalogue. 


BOLT  AND 

NUT 

MACHINERY 


THE   NATIONAL   MACHINERY   CO. 

TIFFIN,  OHIO 

We  build  a  complete  line  of  Bolt  and  Nut  Machinery,  including  Bolt  Cutters 
(threaders).  Bolt  and  Rivet  Headers,  Upsetting  and  Forging  Machines,  Hot  Pressed 
Nut  Machines,  Nut  Tappers,  Washer  Machines,  Wire  Nail  Machines  and  Lag  Screw 
Gimlet  Pointers. 
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MACHINE  SHOP  EQUIPMENT 


THE  NEW  PROCESS  RAW  HIDE  CO. 

SYRACUSE,  N.  Y. 

Manufacturers  of  New  Process  Noiseless  Pinions  and  also  of  accurately 
cut  Metal  Gears  of  all  kinds. 


PINIONS 

AND 

GEARS 


NILES-BEMENT-POND   CO. 

Ill  Bho.^dway  new  YORK 

Metal  Working  Machine  Tools,  all  kinds  and  sizes.  Niles  Cranes,  2  to 
200  tons  capacity.  Hydraulic  Machinery.  Steam  and  Drop  Hammers. 
Small  Tools  and  Gauges.     Catalogs  mailed  upon  request. 


MACHINE 
TOOLS 
CRANES 


RUSSELL,   BURDSALL  k  WARD  BOLT  &  NUT  CO. 

PORT  CHESTER,  N.  Y. 

Manufacturers  of  the  finest  grade  of  Bolts  and  Nuts  for  automobiles, 
machinery  and  engineering  work. 


BOLTS 

AND 
NUTS 


THE  STANDARD  TOOL  CO. 

CLEVELAND,  OHIO  94  Reade  St.,  NEW  YORK 

Twist  Drills,  Countersinks,  Chucks,  Sockets,  Emery  Wheel  Dressers, 
Wire  Gauges,  Reamers,  Taps,  Screw  Cutting  Dies,  Milling  Cutters,  Taper 
Pins. 


TWIST  DRILLS 

REAMERS 

CUTTERS 

TAPS 


UNITED  ENGINEERING  &  FOUNDRY  CO. 

'^300  Farmers'  Bank  Bldg.  PITTSBURG,  PA. 

Manufacturers  of  High-Speed  Steam  Hydraulic  Forging  Presses. 
Single  Lever  Control.  Built  for  all  classes  of  Forging,  Shearing  or  Press- 
ing.     100  to  12,000  tons  capacity. 


STEAM 

HYDRAULIC 

FORGING 

PRESSES 


AVALTHAM  MACHINE  WORKS 

WALTHAM,  MASS. 

Our  Bench  Lathes  swing  8",  will  take  |"  rod  through  the  chuck  and  the  workman- 
ship is  of  the  highest  watch  machine  standard.  It  is  a  necessity  in  the  modern  tool 
room.  Catalog  for  those  interested.  Also  makers  of  Automatic  Precision  Bench 
Machinery. 


PRECISION 
BENCH 
LATHES 


THE  WARNER  &  SWASEY  COMPANY 

New  York  CLEVELAND  Chicago 

We  offer  a  most  complete  line  of  high-grade  Turret  Lathes  for  produc- 
ing work  accurately,  rapidly  and  economically.  Our  catalog,  which  describes 
these  machines  fully,  will  be  mailed  on  request. 


TURRET 
LATHES 


WILEY  &  RUSSELL  MFG.   CO. 

GREENFIELD,  MASS. 
Manufacturers  of  the  well-known   Lightning  "Machine    Relieved"  Taps,  Green 
River  and   Lightning   Screw  Plates;   Adjustable  Screw  Thread  Cutting  Dies;  Spiral 
Fluted  Reamers;  Opening-Die  Bolt  Cutters,  etc.     Send  for  catalogue  34X. 
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SCREW  PLATES, 
TAPS, 

reame:rs. 
boltcutters 


STEAM   ENGINES  AND   BOILERS 


STEAM   ENGINES  AND   BOILERS 


WATER    TUBE 
BOILERS 


ALMY  A\  A TER  TUBE  BOILER  CO. 

PROVIDENCE,  R.  I. 

Manufacturers  of  Almy  Patent  Sectional  Water  Tube  Boilers  for  steamships, 
river  steamers,  both  propeller  and  stern  wheel,  torpedo  boats,  lire  boats,  launclies. 
Donkey  Boilers  for  steamships  and  for  all  kinds  of  stationary  work. 


ENGINES 


AMERICAN    ENGINE   CO. 

42  Rakitan  Ave.  BOUND  BROOK,  N.  J. 

Builders  of  American    Ball  Angle  Compound  Engines.      Angle  com- 


pound, 80  to  1,000  h.  p.;    double  angle  compound,  160  to  2,000  h. 
cylinder  triple,  120  to  1,600  h.  p. 


four 


WATER  TUBE 
BOILERS 


THE  BABCOCK  &  WILCOX  COMPANY 

S5  Liberty  Street,  NEW  YORK 

Water  Tube  Steam  Boilers,  Steam  Superheaters,  Mechanical  Stokers. 


STEAM 
ENGINES 


BALL  ENGINE  COMPANY 

ERIE,  PA. 

Builders  of  Ball  Single  Valve  Automatic  and  High  Speed  Corliss  Engines  with 
non-detaching  valve  gear,  for  direct  connection,  or  belting  to  electric  generators. 


ENGINES 
STEAM  AND  GAS 


BUCKEYE  ENGINE  CO. 

SALEM,  OHIO 
Builders  of  Steam  and  Gas  Engines;  high  in  dutj,  superior  in  regu- 
lation.    Buckeye  Four-Stroke  Cycle  Gas  Engine,  single  and  double-acting, 
in  powers  from  50  to  6000  h.  p. 


STEAM 
BOILERS  AND 

ENGINES 
FEED-WATER 

HEATERS 


ERIE  CITY  IRON  AVORKS 

ERIE,  PA. 

Boilers:  water  tube,  horizontal  tubular,  return  tubular,  water  bottom  portiible, 
open  bottom  porbible  and  vertical  tubular.  Engines:  four  valve,  enclosed  high  speed, 
automatic,  center  crank,  side  crank,  portable.    Feed- Water  Heaters  from  23  to  600  h.p. 


WATER-TUBE 
BOILER 


FRANKLIN  BOILER  WORKS  CO. 

TROY,  N.  Y. 
Sales  Office:  39  Cortlandt  St.,  NEW  YORK 
Manufacturers  of  the  Franklin  Water-Tube  Boiler.     Built  entirely  of 
wrought  steel.     Large  grate  service,  steam  space  and  forcing  capacity. 
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8TEAM   ENGINES  AND  BOILERS 


HARRISBURG  FOUNDRY  &  MACHINE  WORKS 
HARRISBURG,   PA. 

Manufacturers  of  Fleming-Harrisburg  Horizontal  Engines,  Corliss  and 
Single  Valve,  Simple,  Tandem  and  Cross  Compound. 


STEAM 
ENGINES 


HEINE  SAFETY  BOILER  CO. 

ST.  LOUIS,  MO.  ^UbV* 

Heine  Water  Tube  Boilers  and  Superheaters,  manufactured  in  units  of  [      BOILERS 
from  50  to  600  H.  P..  will  materially  reduce  power  plant  expense. 


HEWES  &  PHILLIPS  IRON  WORKS 

NEWARK,  N.  J. 
Makers  of  improved  Patent,  Double  Port  Corliss  Engines,  Heavy  Duty 
or  Girder  Frame,  Simple  or  Compound,  having  our  new  Franklin  High- 
speed Liberating  Valve  Gear. 


STEAM 
ENGINES 


THE  HOOVEN,  OWENS,  RENTSCHLER  CO. 

HAMILTON,  OHIO. 
Manufacturers  of  Hamilton  Corliss  Engines,   Hamilton  High  Speed 
Corliss   Engines,    Hamilton    Holzwarth    Steam   Turbines,    Special   Heavy 
Castings. 


ENGINES 
TURBINES 
CASTINGS 


A.  L.  IDE  &  SONS 

SPRINGFIELD,  ILL. 

The  Ideal  Engine,     Built  for  all  power  purposes,  in 

simple  and  com- 

pound  types. 

STEAM 
ENGINES 


MURRAY   IRON   WORKS   CO. 

BURLINGTON,  lA. 
Manufacturers  of  the  Murray  Corliss  Engine  and  Murray  Water  Tube 


Boiler. 


ENGINES 
BOILERS 


PROVIDENCE  ENGINEERING  WORKS 

PROVIDENCE,  R.  I. 

Rice  &  Sargent  Higher  Speed  Corliss  Engines,  Improved  Greene 
Engines,  Providence  Gas  Engines  and  Gas  Producers,  Providence  Steam 
Turbines,  Automobile  Motors  and  Parts,  Special  Machinery. 


STEAM   AND 

GAS  ENGINES 

GAS 

PRODUCERS 

STEAM 

TURBINES 


RIDGWAY  DYNAMO  AND  ENGINE  CO. 

RIDGWAY,  PA. 

Ridgway  Engines;  four-valve,  cross  compound,  belted,  single-valve, 
tandem  compound,  direct  connected.  Ridgway  Generators;  alternating 
current,  direct  current,  belted  and  engine  types. 
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ENGINES 
GENERATORS 


STEAM  ENGINES  AND  BOILERS 


BOILERS 


ROBB-MUMFORD    BOILER   CO. 

SOUTH  FRAMINGHAM,  MASS. 

131  State  St.,  BOSTON  90  West  St.,  NEW  YORK 

Robb-Mumford  Internally  Fired  Boiler,  Water  Tube,  Return  Tubular, 
and  other  types  of  boilers;  Smoke  Stacks,  Tanks,  etc. 


TURBINES 

ENGINES 

GAS 

PRODUCERS 

CONDENSERS 

STOKERS 


THE  WESTINGHOUSE  MACHINE  CO. 

EAST  PITTSBURG,  PA. 

Designers  and  builders  of  Steam  Turbines,  Steam  Engines,  Gas  En- 
gines, Gas  Producers,  Condensers  and  Mechanical  Stokers. 


AIR 

Compressors 


WISCONSIN    ENGINE   COMPANY 

CORLISS,  WIS. 
Corliss   Engines,    Air   and    Gas   Compressors,    High    Duty    Pumping 
Engines,  Blowing  Engines,  Rolling  Mill  Engines,  "Complete  Expansion" 
Gas  Engines. 


GAS  ENGINES  AND  GAS  PRODUCERS 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Gas  Engines  to  operate  on  producer  gas,  natural  gas  or 
furnace  gas,  capacities  from  300  to  5000  B.H.P. 


GAS  ENGINES 

AND 

PRODUCERS 


THE  BRUCE-MACBETH  ENGINE  CO. 

Successors  to  THE  BRUCE-MERIAM-ABBOTT  COMPANY 
2116   Centre  St.,  N.  W.     CLEVELAND,  O. 
Vertical  Gas  Engines,  Two  and  Four  Cylinders.     For  natural  or  pro- 
ducer gas.      15  to  300  H.  P.     Economy,  reliability  and  simplicity  unex- 
celled. 


REFRIGERATING 

and 

ICE    MAKING 

MACHINERY 

OIL   AND    GAS 

ENGINES 


DE  LA  VERGNE  MACHINE  COMPANY 

Foot  or  E.   138th  St.  NEW  YORK  CITY 

Refrigerating  and  Ice  Making  Machinery,  5  to  600  tons  capacity;  Oil 
Engines  up  to  250  B.  H.  P.;  Gas  Engines  75  to  2400  B.  H.  P. 


OIL 
ENGINES 


AUGUST  MIETZ  IRON  FOUNDRY  &  MACHINE  WORKS 
123  Mott  St.,  NEW  YORK 

Oil  Engines,  Marine  and  Stationary,  i-tOO  h.p.,  100,000  h.p.  in  oper- 
ation. Direct  coupled  or  belted  to  Generators,  Air  Compressors,  Pumps, 
Hoists,  etc.,  etc. 


GAS  ENGINES  AND  GAS   PRODUCERS 


NATIONAL  METER  COMPANY 

NEW  YORK  CHICAGO  BOSTON 

Nash  Gas  Engines  and  Producers  are  capable  of  running  at  their  rated 
load  for  ten  consecutive  hours  on  one  charge  of  fuel;  will  develop  a  B.  h,  p. 
hour  on  one  pound  of  coal;  are  reliable  because  they're  Nash. 


GAS    ENGINES 

AND 

PRODUCERS 


STRUTHERS-WELLS  COMPANY 

WARREN,  PA. 

Warren  Vertical  and  Tandem  Gas  Engines  and  Section  Gas  Producers  have  heavy 
overload  capacity,  close  reg:iilation,  positive  lubrication,  positive  circulation  of  cooling 
water.  No  joints  between  combustion  chamber  and  water  jackets.  All  valve  cages 
removable. 


GAS     ENGINES 

AND 

PRODUCERS 


POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


AMERICAN  INJECTOR  COMPANY 

DETROIT,  MICH. 
U.  S.  Automatic  Injectors,  Ejectors,  Jet  Pumps,  Drive  WellJet  Pumps, 
Exhaust  Injectors,  Fire  Plugs,  Grease  Cups,  Oil  Cups,  Oil  Pumps,  Water 
Gaeres,  Gage  Cocks,  lubricating  devices  and  other  steam  specialties. 


INJECTORS 


AMERICAN  STEAM  GAUGE  AND  VALVE  MFG.  CO. 

BOSTON,  MASS.  Established  1851 

Presssure  and  Recording  Gauges,  Engine  Room  Clocks  and  Counters  for  all  pur- 
poses. Iron  and  Brass  Pop  Safety  and  Relief  Valves  for  stationary,  marine  and  loco- 
motive use.  The  American  Thompson  Improved  Indicator  with  new  improved  detent 
motion. 


VALVES 

GAUGES 

INDICATORS 


THE  ASHTON  VALVE  CO. 

BOSTON  NEW  YORK  CHICAGO 

Makers  of  the  Ashton  Pop  Safety  Valves,  Water  Relief  Valves,  Blow 

Off  Valves,  Pressure  and  Vacuum  Gages.     All  of  a  superior  quality  and 

u-uaranteed  to  give  greatest  efficiency,  durability  and  perfect  satisfaction 


VALVES 
GAGES 


BRIDGEPORT  BRASS  CO. 

BRIDGEPORT,  CONN. 
Brass  and  Copper  in  Tube,  Wire,  Sheets,  Rods,  etc.     We  make  Con- 
denser Tubes,  both  in  the  brass  and  admiralty  mixtures. 


CONDENSER 
TUBES 


THE  BRISTOL  COMPANY 

WATERBURY,  CONN. 

Bristol's  Recording  Pressure  and  Vacuum  Gauges.  Bristol's  Recording  Ther- 
mometers. The  Wm.  H.  Bristol  Electric  Pyrometers.  Bristol's  Recording  yoitmeters, 
Ammeters  and  Wattmeters.  Bristol's  Recording  Water  Level  Gauges.  Bristol  s  Time 
Recorders  and  Bristol's  Patent  Steel  Belt  Lacing.  
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RECORDING 
GAUGES 


INSTRUMENTS 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


INJECTOR 

CONDENSOR8 


HENRY  W.   BULKLEY 

ORANGE,  N.  J. 
The  Bulkley  Injector  Condenser  is  guaranteed  to  form  the  best  vacuum 
by  head  of  water  or  by  supply  pump.      In  general  use  on  all  classes  of 
engines. 


VALVES 


CHAPMAN  VALVE  MANUFACTURING  CO. 

INDIAN  ORCHARD,  MASS. 

BOSTON       NEW  YORK       ST.  LOUIS       PITTSBURGH       CHICAGO       PHILADELPHIA       SAN  FRANCISCO 

Brass  and  Iron  "Valves  for  steam,  water,  gas,  oil,  etc.     Sluice  Gates. 
Send  for  catalogue. 


STEAM 
APPLIANCES 


CROSBY  STEAM  GAGE  AND  VALVE  CO. 

BOSTON,  MASS. 

Steam,  Gas,  Hydraulic  Indicators;  Stationary,  Marine,  Locomotive  Safety  Valves; 
Gagres  for  all  purposes;  Recording  Instruments;  Chime  Whistler;  Sight  feed  Lubrica- 
tors; Globe  and  Angle  Valves,  Iron  and  Brass,  for  high  pressures;  Blow-off  Valves;  Gage 
Testing  Instruments;  Boiler  Testing  Instruments;  Planimeters  and  other  specialties. 


BOILER 
WATER 

TREATMENT 
BOILER 

COMPOUND 


DEARBORN  DRUG  k  CHEMICAL  WORKS 

General  Offices  and  Laboratories :  McCormick  Bldg. ,  CHICAGO 
Analyze  gallon  samples  of  boiler  waters,  and  furnish  reports  to  steam 
users,  gratis.     Prepare  scientific  water  treatment  for  the  prevention  of  scale, 
corrosion,  pitting,  foaming,  and  all  troubles  caused  from  boiler  waters. 


JOSEPH  DIXON  CRUCIBLE  CO. 

GRAPHITE  JERSEY  CITY,  N.  J. 

PRODUCTS  Miners,  importers  and  manufacturers  of  Graphite,  Plumbago,  Black- 

Lead  Pencils,  Crucibles,  Stove  Polish,  Lubricants,  Paints,  and  Graphite, 

Products  of  all  kinds. 


BALANCED 

DRAFT 

SYSTEM 

McLean  Patents 


THE  ENGINEER  COMPANY 

50  CnrncH  St.  NEW  YORK,  N.  Y. 

"Economy"  and  "Increased  Capacity"  obtained  by  the  Upbuilding  of 
Furnace  Efficiency  when  operating  with  the  Balanced  Draft  System. 
(Trade  Mark  "Balanced"  Reg.  U.  S.  Pat.  Office.) 


FEED  WATER 

HEATERS 

STEAM  AND  OIL 

SEPARATORS 

WATER 
PURIFICATION 


HARRISON  SAFETY  BOILER  WORKS 

3199  N.  17th  St.,  PHILADELPHIA,  PA. 

COCHRANE  Open  Feed  Water  Heaters.  Steam  Stack  Heaters  and 
Receivers,  Steam  and  Oil  Separators,  Hot  Process  Water  Softening  Systems. 
Write  for  engineering  leaflets  (Series  45)  describing  uses. 


VALVES 


HOMESTEAD  VALVE  MANUFACTURING  COMPANY 

Works:     HOMESTEAD,  PA.  PITTSBURG,  PA. 

Manufacturers  of  "Honvestead  Valves."  Straightway,  Three-way  and 
Four-way,  for  blow-off  or  for  highest  pressure  and  most  difficult  service  for 
water,  air  or  steam.     Valves  unlike  all  others. 

38 


POWER    PLANT  AUXILIARIES  AND  SPECIALTIES 


HOPPES  MANUFACTURING  CO.            i  "^^Ei^ERs" 

47  James  St.                                                                  SPRINGFIELD.  OHIO  I  PURIFIERS 

Exhaust  Steam  Feed-Water  Heaters,  Live  Steam  Feed-Water  Purifiers,  i  rVp^I^at^^SL'" 
Steam  Separators,  Oil  Eliminators  and   Exhaiist   Heads.      All   machines 


SEPARATORS 


EXHAUST 


guaranteed.     Prices,  catalogs  and  blueprints  on  request.  HEADS 


THE  HUGHSON  STEAM  SPECIALTY  CO.  valves 

CHICAGO,    ILL.  STEAM  TRAPS 

Manufacturers  of  Resulatins  Valves  for  all  pressures  and  for  steam,  air  and  ■water.  SEPARATORS 

The  best  and  only  absolutely  noiseless  Combination   Back  Pressure  and  Relief  Valve.  REGULATORS 
Pump  Regulators.  Separators,  Steam  Traps,  Automatic  Stop  and  Check  Valves.    Write 
for  complete  catalogue.                                                                                                                      , 


JENKINS  BROS. 

NEW  YORK  BOSTON  PHILADELPHIA  CHICAGO  valves 

Manufacturers  of  the  genuine  Jenkins  Bros.  Valves,  Jenkins  Discs, 


Jenkins  '96  Packing,  Jenkins  Bros.  Pump  Valves,  Jenkins  Gasket  Tubing. 
Sole  agents  for  Sellers'  Restartinsr  Injector.     Catalos:  mailed  on  reauest. 


PACKING 
DISCS 


ROBERT  A.  KEASBEY  CO.  magnesia 

100  N.  MooHE  St.  new  YORK  CITY        ASBESTOS 

Telephone:  6097  Franklin.  AND 

Heat  and  Cold  Insulating  Materials.     Headquarters  for  85^  Magnesia 
Asbestos  and  Brine  Pipe  Coverings,  Asbestos  Products,  etc. 


BRINE  PIPE 
COVERINGS 


THE  KENNEDY  YAL^T:  MANUFACTURING  CO. 

ELMIRA,  X.  Y.  37  Beekjiax  St.,  NEW  YORK 

Manufacturers  of  Valves  for  various  purposes  and  pressures;  Hydrants: 
Indicator  Valves  for  Automatic  Sprinkler  Equipment. 


VALVES 


LACLEDE-CHRISTY  CLAY  PRODUCTS  CO. 

Main  Office  and  Works  Branch  Office  uc-(~u  i  wir^ai 

Manchesterand  S^Jchur  Aves.  STOKER    DEPT.  MS  Com.  Xat.  BankBldg.  MECHANICAL 

St.  Louis,  Mo.  Chicago,  ni.  STOKERS 

The  "Laclede-Christy*'    Chain    Grates  have  solved  the   problem   of 
economical  boiler  plant  operation.     Catalogue  on  request. 


THE  LUDLOAV  VALVE  MFG.   CO. 


VALVES 


TROY,  N.  Y.  BLow-cFF 

Manufacturers   of  genuine   Ludlow   Gate   Valves    for  all   purposes.  valves 

Special  Blow-off  Valves.      Check  Valves.     Foot  Valves.  Sluice  Gates,      firehyd rants 
Indicator  Posts.     Fire  Hydrants. 


RAILWAY 


McCORD  AND  COMPANY  _  __ 

CHICAGO                                                                               ^^^^   ^ORK  specialties 

The    McCord    Spring    Dampener.      The   McCord   Journal   Box.      The  LUBRICATORS 
McCord  Draft  Gear.     The  McCord  Force-feed  Lubricator. 
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AUTOMATIC 
STOKER 


POWER   PLANT  AUXILIARIES  AND  SPECIALTIES 


THE  MODEL  STOKER  CO. 

DAYTON,  O. 

The  Model  Automatic  Smokeless  Furnace;  an  improved  Boiler  Furnace. 
Can  be  adapted  to  any  of  the  regular  types  of  boilers  and  its  adaption 
varied  to  suit  almost  any  conceivable  conditions. 


VALVES 


MONARCH  VALVE  &  MANUFACTURING   COMPANY 

39  CoRTLANDT  St.  ,  NEW  YORK  SPRINGFIELD,  MASS. 

Manufacturers  of  Bronze  and  Iron  Bodied  Valves  for  various  pressures 
and  purposes. 


STEAM 
TRAPS 


AUTOMATIC 
FURNACE 


MOREHEAD    MANUFACTURING    CO. 

DETROIT,  MICH. 

Return,  Non-Return  and  Vacuum  Steam  Traps.  The  Morehead  Tilting  Steam  Trap 
is  the  original  design  of  tilting  trap,  having  been  on  the  market  for  a  quarter  of  a  cen- 
tury. For  reliable  and  satisfactory  service  this  type  of  trap  recommends  itself.  Illus- 
trated descriptive  catiilog  sent  on  request. 


THE  MURPHY  IRON  WORKS 

DETROIT,  MICH. 
Founded  1878  Inc.   1904 

Builders  of  The  Murphy  Automatic  Furnace.     The  best  Automatic  Fur- 
nace that  thirty  years  practical  experience  can  produce. 


VALVES 


NELSON  VALVE  COMPANY 

PHILADELPHIA 
Gate,  Globe,  Angle  and  Check  Valves,  for  Water,  Saturated  or  Super- 
heated Steam  and  other  fluids,  for  any  pressure,  for  any  temperature.    Our 
new  2-24-page  Valve  Catalogue  sent  free  on  request. 


STEAM 

SEPARATORS 

TRAPS 


W.   H.   NICHOLSON  k  COMPANY 

WILKES-BARRE,  PA. 
The  Wyoming  Automatic  Eliminator  is  a  combination  Steam  Separator 
and  Trap.      It  has  the  capacity  to  handle  floods  as  well  as  ordinary  conden- 
sation.    Write  for  catalogue  on  separators  and  steam  traps. 


INJECTORS 

EJECTORS 

LUBRICATORS 

GREASE  CUPS 

GAUGES 

VALVES 


SEPARATORS 
FEED-WATER 

HEATERS 
SOFTENERS 


THE  OHIO  INJECTOR  COMPANY 

WADSWORTH,  O. 

Manufacturers  of  Ohio  Locomotive  Injectors,  Garfield  Injectors  and  Electors, 
Ohio  Automatic  Injectors,  Chicago  Automatic  Injectors  and  Ejectors,  Chicago  Sight- 
Feed  Lubricators  for  locomotive  and  stationary  service,  Grease  Cups,  Oil  Cups.  Water 
Gauges,  Gauge  Cocks,  O.  1.  Co.  Valves,  etc. 


POWER  PLANT  SPECIALTY  COMPANY 

625  MoNADNOCK  Blk.,  CHICAGO,  ILL. 

Manufacturers  of  the  Vatcr  Two  Stagt-  Si-parator,  Vater  Water  Soften- 
ing System,  Vater  Open  Feed  Water  Heater,  Monarch  \'ac-uum  Drain 
Trap,   Pressure  and  Gravity  Filters.      Correspondence  solicited. 


L 
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POWER  PLANT  AUXILIARIES  AND  SPECIALTIES 


POWER  SPECIALTY  CO. 

Ill  Broadwav  new  YORK 

The  Foster  Patent  Superheater,  saves  feed  water,  condensing  water, 
coal  and  boiler  power. 


SUPERHEATERS 


WM.   B.   SCAIFE  &  SONS  COMPANY 

221  First  Ave.,  PITTSBURG,  PA. 

WE-FU-GO  and  SCAIFE  Water  Softening,  Purifying  and  Filtering 

Systems  for  boiler  feed  water  and  all  industrial  and  domestic   purposes 


WATER 
SOFTENING 
PURIFYING 

and 
FILTERING 
SYSTEMS 


JOHN  SIMMONS  COMPANY 

110  Centre  St.  NEW  YORK 

The  Rothchild  Rotary  Gate  Valve  is  the  only  Valve  made  that  will 
positively  hold  steam,  water,  ammonia,  gas,  air,  oil  or  other  fluids — hot 
or  cold,  without  any  adjustment,  repairs  or  replacing  of  parts. 


ROTARY 
GATE 
VALVE 


THE  TIGHT  JOINT  COMPANY 

306-310  East  47th  Street  NEW  YORK  CITY 

High  Pressure  Fittings  and  Valves  for  general  hydraulic  systems,  Air 
or  Oil  Pressures,  for  pressures  of  500;  1000;  1500;  3000  and  5000  lbs. 
Send  for  catalogue. 


HIGH 

PRESSURE 

FITTINGS 


WHEELER  CONDENSER  &  ENG.   CO. 

Maix  Office  and  Works:    CARTERET,  N.  J. 

Surface,  Jet  and  Barometric  Condensers,  Combined  Surface  Condensers  and  Feed 
Water  Heaters,  Cooling:  Towers,  Edwards  Air  Pumps,  Centrifugal  Pumps,  Rotative 
Dry  Vacuum  Pumps  and  Multiple  Effect  and  Evaporating  Machinery. 


CONDENSERS 

PUMPS 

COOLING 

TOWERS 


C.  H.  WHEELER  MFG.  CO. 


PHILADELPHIA,  PA. 

CHICAGO 


SAN  FRANCISCO 


NEW  YORK 

Manufacturers  of  High   Vacuum  Apparatus,  Condensers,  Air  Pumps, 
Feed  Water  Heaters,  Water  Cooling  Towers,  Boiler  Feed  and  Pressure  Pumps. 


CONDENSERS 

COOLING 
TOWERS 

FEED-WATER 
HEATERS 


BLOWERS,   FANS,  DRYERS,  ETC. 


EXETER   MACHINE   WORKS 

EXETER,  N.  H. 

Manufacturers  of  Exeter  Pressure  Blowers  and  Fan  Blowers;  Exeter  Exhausters 
for  Wood;  Exeter  Ventilator  Wheels;  Large  Exeter  Fans  and  Exhausters  for  Heating, 
Ventilating,  Forced  and  Induced  Draft.    Catalogue  gives  details. 
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BLOWERS 

FANS 

EXHAUSTERS 


BLOWERS,    FANS,   DRYERS,   ETC. 


BLOWERS 

GAS 
EXHAUSTERS 


P.   H.   &  F.   M.   ROOTS  CO. 

CONNERSVILLE,  IND. 

Positive  Pressure  Blowers  for  foundries.  High  Pressure  Blowers.  Blowers  for 
vacuum  cleaning,  for  laundries,  for  blacksmiths.  Positive  Rotary  Pumps,  Positive 
IVMonre  One  Fx'ianster's.     Hiffh  Pressure  Gas  Pumps.     Flexible  Couplings. 


DRYERS 


RUGGLES-COLES  ENGINEERING  CO. 

McCoRMicK    Bldg.,  CHICAGO  Hudson  Terminal,  NEW  YORK 

Dryers.     Direct  heat,  Indirect  heat,  and  Steam  Dryers  for  all  kinds  of 
materials. 


FANS 

BLOWERS 

ECONOMIZERS 

ENGINES 


B.   F.   STURTEVANT  COMPANY 

HYDE  PARK,  MASS. 
We  make  equipment  to    force   or    exhaust  air  under    all  conditions. 
Largest  standard  line  of  "ready  to  deliver"  Fans  in  the  world  and  special 
work  done  where  necessary.     Consulting  representatives  in  or  near  your  city. 


ELECTRICAL  APPARATUS 


GENERATORS 


ALLTS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 

Builders  of  Electrical  Machinery  of  every  description;  Motors  and 
Generators  for  alternating  and  direct  current;  Rotary  Converters,  Trans- 
formers, Switchboards. 


ELECTRIC 
DRIVE 


GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 
The  General  Electric  Company  has  equipped  machines  of  all  kinds  with 
its  motors.     For  each  kind  of  machine  there  is  an  equipment  of  motor  and 
controller  that  is  best. 


ELECTRIC 
MOTORS 


GENERATORS 

MOTORS 

HOISTS 

FANS 


RELIANCE  ELECTRIC  &  ENGINEERING  CO. 
CLEVELAND,  OHIO 

Our  specialty  is  Machine  Sliop  Drives.  We  will  design  all  parts  for  the  conver- 
sion of  your  belt  driven  machines  into  motor  drive.  Manufacturers  of  the  Reliance 
Adjustable  Speed  Motor.    Also  a  complete  line  of  D.C.  and  A.C.  Constant  Speed  Motors. 


SPRAGUE  ELECTRIC  COMPANY 

5'27-.>;il  W.  Sltli  St.,  NEW  YORK 

Manufacturers  of  D.  C.  Generators,  Electric  Motors,   t^lectric  Hoists, 
Electric  Fans,  Conduits,   Armored  Cable,  Outlet  Boxes,   Armored  Hose. 


PUMPS  AND   HYDRAULIC  TURBINES 


WAGNER  ELECTRIC  MFG. 

ST.  LOUIS,  MO. 


COMPANY 


Producers  of  the  commercially  successful  Sinjrle-phase  Motor.  Pioneers  in  Power 
and  Lighting  Transformers.  Builders  of  the  most  liberally  designed  and  rugged  poly- 
phase generators  and  motors  the  market  affords.  Manufacturers  of  the  most  compre- 
hensive line  of  switchboard  and  portable  instruments  oflTered  to-day. 


DYNAMOS 
MOTORS 


Transformers 


WESTINGHOUSE   ELECTRIC   &   MFG.   CO. 

PITTSBURG,  PA. 

Westin^house  Electric  Motor  Drive.  Pumps,  compressors,  hoists, 
machine  tools  and  every  class  of  apparatus  develop  their  highest  efficiency 
vv'hen  individually  driven  with  Westinghouse  Motors. 


ELECTRIC 
MOTOR 
DRIVE 


PUMPS  AND   HYDRAULIC  TURBINES 


ALLIS-CHALMERS  COMPANY 

MILWAUKEE,  WISCONSIN 
Builders  of  Reaction  and  Impulse  Turbines,  in  capacities  up  to  20,000 
H.P.    High  Duty  Pumping  Engines,  Centrifugal  Pumps,  Single  and  Multi- 
Stage;  Screw  Pumps,  Elevator  Pumps,  Geared  Pumps,   Mine  Pumps  and 
Electrically  Driven  Pumps.    Hydraulic  Transmission  Pumping  Machinery. 


HYDRAULIC 
TURBINES 


PUMPING 
MACHINERY 


AMERICAN  STEAM  PUMP  COMPANY 

BATTLE  CREEK,  MICHIGAN,  U.  S.  A. 

Manufa.tiirers  of  Marsh  and  American  Steam  and  Power  Pumping  Machinery. 
The  valve  motion  is  <Usi<riKd  for  efficient  and  reliable  service,  which,  combined  with 
low  maintenanc-  co-t,  slioiild  appeal  to  engineers  who  desire  to  reduce  their  operating 
■x^onses.      Literature  iiijon  request. 


PUMPING 
MACHINERY 


ATLANTIC  HYDRAULIC  MACHINERY  CO. 
PHILADELPHIA,  PA. 


Inc. 


TURBINE 

Our  Turbine  Pumps  are  light,  comparatively  low  priced,  constructed  PUMPS 

according  to  the  latest  designs,   highly  efficient.     We   guarantee  to  each 
customer  to  fill  his  individual  requirements  exactly.  . 


BUILDERS  IRON  FOUNDRY 

PROVIDENCE,  R.  I. 

Venturi  Meters  measure  cold  water,  hot  water,  brine  and  chemicals.  They  are 
used  on  gravity  supplies  and  to  check  performance  of  centrifugal  and  reciprocating 
pumps.  Usual  sizes  from  2"  to  60".  Larger  sizes  in  use.  Full  set  of  bulletins  on 
request. 


VENTURI 
METERS 


M. 

T. 

DAVIDSON 

CO. 

43-53 

Kea 

>  St.,  BROOKLYN, 

N.  Y. 

New  York: 

154  Nassau  St. 

Boston  . 

30  Oliver  St. 

High  grade  economical  Pumps  for  all  services.     Surface  and  Jet  Con- 

densers. 

PUMPS 
CONDENSERS 
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PUMPS  AND   HYDRAULIC  TURBINES 


PUMPS 
HYDRAULIC 
MACHINERY 


THE  GOULDS  MANUFACTURING  COMPANY 

SENECA  FALLS,  N.  Y. 

Manufacturers  of  Efficient  Triplex  Power  Pumps  for  general  water  supply,  muni- 
cipal water-works,  fire  protection,  hydraulic  elevators,  paper  and  pulp  mills,  boiler  feed 
pumps,  chemical  pumps  and  air  compressors,  rotary,  centrifugal  and  well  pumps  and 
hand  pumps  of  every  kind. 


MINING 
PUMPS 


GOYNE  STEAM  PUMP  CO. 

ASHLAND,  PA. 

Manufacturers  of  Mining  Pumps  for  any  service  or  capacity.  Most  Engineers 
know  that  the  life  of  the  superior  mining  pump  is  from  two  to  four  times  that  of  the 
ordinary  on  the  same  service.  Why  then  let  a  difference  of  from  25  to  even  50^  in  first 
cost  determine  your  selection? 


WATER 
WHEELS 


HOLYOKE  MACHINE  COMPANY 

HOLYOKE,  MASS.  WORCESTER,  MASS. 

Water  Wheels  with  Connections  and  Complete  Power  Transmission, 
Water  Wheel  Governors,  Gearing,  Wood  Pulp  and  Paper  Machinery, 
Pumps,  Hydraulic  Presses.     Special  Machinery  to  order. 


CENTRIFUGAL 

PUMPING 

MACHINERY 

ENGINES 

BOILERS 


MORRIS  MACHINE  WORKS 

BALDWINSVILLE,  N.  Y. 
Manufacturers  of  Centrifugal  Pumping  Machinery,  Vertical  and  Hori- 
zontal Engines  and  Boilers. 


MACHINfSTS 
PUMPS 

Manufacturers 


WILLIAM  E.   QUIMBY,  INC. 

548-50  West  .23d  St.  NEW  YORK 

Have  a  shop  on  23d  Street,  New  York,  equipped  with  large  and  accurate 
tools  and  do  a  general  machine  business.  Also  manufacture  the  Quimby 
Screw  Pump  and  Quimby  Electric  Sump  Pump. 


AIR   COMPRESSORS  AND  PNEUMATIC  TOOLS 


AIR 

Compressors 


THE 

BLATSDELL   MACHINERY 

BRADFORD,  PA. 

CO. 

NEW  YORK 

BOSTON 

CHICAGO 

Blaisdell  Air  Compressors  are  manufactured  in  all  sizes  for 

^ll  purposes. 

AIR 
Compressors 

PNEUMATIC 
TOOLS 


CHICAGO  PNEUMATIC  TOOL  CO. 

CHICAGO,  ILL. 
Manufacturers   of  Franklin  Air  Conii)ressors   and   a  complete  line  of 
Pneumatic  Tools  and  Appliances. 
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AIR   COMPRESSORS   AND   PNEUMATIC  TOOLS 


THOS.   H.  DALLETT  CO. 


York  and  23rd  St. 


PHILADELPHIA,  PA. 


Our  Compressors  are  exceptionally  massive  and  rigid  in  design;  have  liberal 
bearing  surfaces;  all  working  parts  are  readily  accessible;  have  special  intake  and  dis- 
charge valves.  Are  particularly  adapted  for  high-class  installations.  Write  for 
catalogue. 


AIR 
COMPRESSORS 


POWER  TRANSMISSION 


THE   AMERICAN   PULLEY   CO. 

PHILADELPHIA,  PA. 

The  American  Pulley.  The  first  all  steel  parting  belt  pulley  made.  Nowr  sold  in 
larger  quantities  than  anv  one  make  of  pulley.  No  key,  no  set  screw,  no  slip;  light, 
true  and  amply  strong  for  double  belts.    liO  stocks  carried  in  the  United  States. 


PULLEYS 


ONEIDA  STEEL  PULLEY  CO. 

ONEIDA,  N.  Y.  CHICAGO,  ILL. 

The  largest  manufacturers  of  Pulleys  in  the  world.  Our  Steel  Pulleys 
range  from  6  to  126'  diameter,  3  to  40"  face,  and  fit  any  size  shaft  from  1 
to  8+".     Let  us  send  you  our  booklet  illustrating  all  styles. 


PULLEYS 


DIAMOND  CHAIN  ik  MANUFACTURING  CO. 

239  West  Georgia  St.  INDIANAPOLIS,  IND. 

Diamond  Chains  are  more  durable  than  the  best  belts.  If  your 
short  transmissions  are  giving  trouble,  our  engineering  department  will  ad- 
vise you  free  of  charge. 


CHAIN 
DRIVE 


DODGE  MANUFACTURING  CO. 

MISHAWAKA,  IND. 
Everything   for  the  Mechanical   Transmission  of  Power.      Plans  and 
estimates  furnished  on  complete  mill  and  factory  equipments. 


POWER 
TRANSMISSION 


THE  HILL  CLUTCH  COMPANY 

CLEVELAND,  OHIO 

Manufacturers  of  a  complete  line  of  Power  Transmission  Machinery 
for  belt,  rope  or  gear  driving,  including  the  well  known  Hill  Friction 
Clutches  and  Hill  Collar  Oiling  Bearings. 


POWER 
TRANSMISSION 


NATIONAL  BRAKE  &  CLUTCH  COMPANY 

16  State  Street,  BOSTON,  MASS. 

We  license  others  to  manufacture,  use  or  sell  Cork  Insert  Pulleys.  Clutches  and 
Brakes.  They  increase  efficiency  50  to  100%,  and  are  used  in  automobile,  shafting  and 
machinery  clutches  and  in  motor,  shafting  and  machinery  pulleys.  Send  for  pam- 
phlets showing  fifty  applications. 
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CORK   INSERT 

FRICTION 
SURFACES 


Pulleys — Papsf 


Friction 
Transmission 


POWER  TRANSMISSION 


THE  ROCKWOOD  MANUFACTURING  CO. 

INDIANAPOLIS,  IND. 
Rockwood  Paper  Frictions  have  proven  their  unquestioned  superiority. 
You  will  find  our  booklets  regarding  Transmission  of  Power  by  Belts  and 
Friction  Transmission  desirable  additions  to  your  engineering  library. 


POWER 
TRANSMISSION 


T.   B.   WOOD'S  SONS  CO. 

CHAMBERSBURG,  PA. 

Modern  and  Approved  Apphances  for  the  transmission  of  Power. 
Shafting,  Couplings,  Collars,  Hangers,  Pulleys,  Belt  Tighteners,  Friction 
Clutches,  Rope  Driving  Equipments. 


HOISTING  AND  CONVEYING  MACHINERY 


CRANES 

STEAM 

HAMMERS 

PUNCHES 

AND 

SHEARS 


ALLIANCE  MACHINE  CO. 

ALLIANCE,  OHIO 

Makers  of  Alliance  Cranes  of  all  types;  also  RoUing  Mill  and  Hydraulic 
Machinery,  Steam  Hammers,  Punches  and  Shears,  Scale  Cars,  Copper-Con- 
verting Machinery,  etc. 


WIRE   ROPE 

Aerial  Wire  Rope 
TRAMWAYS 


BRODERICK  &  BASCOM  ROPE  COMPANY 

ST.   LOUIS,  MO. 

Manufacturers  of  Wire  Rope  for  over  a  quarter  of  a  century  and  of  the 
famous  Yellow  Strand  Wire  Rope,  the  most  powerful  rope  made. 

Special  system  of  Aerial  Wire  Rope  Tramways  for  conveying  material. 


HOISTING 
MACHINERY 


THE  BROWN  HOISTING  MACHINERY  CO. 

New  York  CLEVELAND,  O.,  U.  S.  A.  Pittsburg 

Designers  and  manufacturers  of  all  kinds  of  Hoisting  Machinery,  including  Loco- 
motive Cranes.  Electric  Travelers,  I-beam  Trolleys,  Crabs,  Winches,  etc.,  as  well  as 
heavy  Hoisting  Machinery  of  all  description.  Also  Ferroinclave  for  reinforced  con- 
crete roofing. 


CONVEYORS 

ELEVATORS 

POWER 

TRANSMISSION 


H.  W.  CALDWELL  k  SON  COMPANY 

New  York  CHICAGO  Boston 

Elevating,  Conveying  and  Power  Transmitting  Machinery.     Helicoid  & 

screw  conveyors,  machine  molded  gears,  pulleys,  fly-wheels,  rope  sheaves 

and  drives,  sprocket  wneels  &  enam,  buckets,  belting,  shafting  and  bearings. 


HOISTING 
ENGINES 
AND 
DERRICKS 


CLYDE  IRON  WORKS 

DULUTII,  MINN. 
Hoisting  Engines  and  Derricks.     Ail  sizes  and  types  of  engines. 
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HOISTING  AND  CONVEYING  MACHINERY 


THE  J.  M.  DODGE  COMPANY 

NICETOWN,  PHILA.,  PA. 

Contracting-Engineers.  "The  Dodge  System"  of  coal  storage.  Bridge  Tramways, 
Telphers,  Locomotive  Cranes,  Revolving  Cranes,  Locomotive-Coaling  Stations,  Hoisting 
Tov(rers,  Direct  Unloaders,  Car  Dumpers,  Steel  and  Concrete  Structures. 


COAL 

STORAGE 

CONVEYING 

MACHINERY 


THE  EASTERN  MACHINERY  COMPANY 

NEW  HAVEN,  CONN. 

Manufacturers  of  Electric  and  Belt  Power  Passenger  and  Freight  Ele- 
vators, Hoisting-  Machines,  Friction  Winding  Drums,  Friction  Clutches 
and  Friction  Clutch  Pulleys. 


ELEVATORS 

FRICTION 

CLUTCHES 

PULLEYS 


THE  B.  F.  GOODRICH  CO. 

AKRON,  OHIO 

Manufacturers  of  Goodrich  Conveyor  Belt.  The  Goodrich  "LongHfe," 
"Economy"  and  "Grainbelt"  Conveyors  will  handle  more  tons  per  dollar 
of  cost  than  any  other  belt  made. 


CONVEYOR 
BELTS 


THE  JEFFREY  MFG.  COMPANY 

COLUMBUS,  OHIO 

Builders  of  Elevating,  Conveying  and  Mining  Machinery;  Coal  and  Ashes  Hand- 
ling Systems  for  Power  Plants;  Screens,  Crushers,  Pulverizers,  Car  Hauls,  Coal  Tipples, 
Coal  Washeries,  Locomotives,  Coal  Cutters,  Drills,  etc.  Complete  Coal  Mine  Equip- 
ments. 


ELEVATING 
CONVEYING 

MINING 
MACHINERY 


LIDGERWOOD  MFG.   CO. 

90  Liberty  St.  NEW  YORK 

Hoisting  Engines — steam  and  electric,   for  every  use  of  the  contractor,  miner, 

warehouseman,  railroads,  ship  owners,  etc.  Derricks,  Derrick  Irons  and  Derrick  Hoists, 

Cableways  for  hoisting  and  conveying.  Marine  Transfer  for  coal  and  cargo  handling. 


HOISTING 
ENGINES 

CABLEWAYS 

MARINE 
TRANSFER 


LINK-BELT  COMPANY 

PHILADELPHIA  CHICAGO  INDIANAPOLIS 


Elevators  and  Conveyors  for   every  purpose; 
Transmission  Machinery. 


all   accessories:    Power 


ELEVATORS 

AND 
CONVEYORS 


MEAD-MORRISON  MANUFACTURING  COMPANY 

NEW  YORK  BOSTON  CHICAGO 

Coal-Handling  Machinery,  Hoisting  Engines,  complete  Discharging  and  Storage 
Plants,  Cable  Railways,  Marine  Elevators.  McCaslinand  Harrison  Conveyors,  Steam, 
Electric,  Belt  and  Gasoline  Hoists,  Derrick  Swingers,  Grab  Buckets,  Steam  Boilers, 
Locomotive  Derricks,  Suspension  Cableways. 


THE   MORGAN   ENGINEERING   CO. 

ALLIANCE,  OHIO 

Are  the  largest  builders  of  Electric  Traveling  Cranes  in  the  world.  We 
also  design  and  build  Steel  Plants  complete,  Hammers,  Presses,  Shears, 
Charging  Machines  and  all  kinds  of  Rolling  Mill  and  Special  Machinery. 


ELEVATING 

AND 
CONVEYING 
MACHINERY 


CRANES 


HOISTING  AND  CONVEYING  MACHINERY 


CRANES 
HOISTS 


NORTHERN  ENGINEERING  WORKS 

DETROIT,  MICH. 
We  make  Cranes  of  all  types  up  to  150  tons.     We  also  make  Grab 
Bucket  Cranes  and  Hoists  for  coal  storage  service.  Cupolas,  Coal  and  A.8h 
Handling  Machinery,  Elevators  and  Foundry  Equipment. 


ELEVATORS 


OTIS  ELEVATOR  COMPANY 

17  Battery  Pl.,  NEW  YORK 

Electric  Elevators,  alternating  and  direct  current;  Hydraulic  Elevators,  direct 
connected;  Hydraulic  Elevators,  vertical  and  horizontal;  Vertical  and  Plunger  Eleva- 
tors; Electric  Steam  and  Mining  Hoists;  Hand  Power  Elevators;  Gravity  Conveyors; 
Escalators. 


ELEVATORS 


THE  H.  J.  REEDY  CO. 

CINCINNATI,  O. 
Manufacturers  of  all  types  of  Passenger  and    Freight  Ele- 


vators. 


WIRE   ROPE 


JOHN  A.  ROEBLING'S  SONS  COMPANY 

TRENTON,  N.  J. 
Manufacturers  of  Iron,  Steel   and   Copper  Wire   Rope,  and   Wire  of 
every  description. 


CRANES 
CONTROLLERS 


ELEVATING 
CONVEYING 


SCREENING 
MACHINERY 


SHAW  ELECTRIC  CRANE  CO. 

MUSKEGON,  MICH. 

Electric  Travelers  for  all  purposes.     Gantries.     Wharf  Cranes.     Rail- 
road Wrecking  Cranes.     Electric  Motor  Controllers. 


STEPHENS-ADAMSON  MANUFACTURING  COMPANY 
AURORA,   ILL. 

Designers  and  builders  of  complete  Conveying  Systems  for  handling  ores,  coal, 
stone,  gravel,  sand,  cement,  clay  and  all  bulk  products,  including  Belt  Conveyors, 
Chain  Conveyors,  Screvc  Conveyors,  Bucket  Elevators,  etc.,  with  capacities  up  to  1000 
tons  per  hour. 


ELEVATING 
CONVEYING 

Power 

Transmitting 

machinery 


AVEBSTER  MFG.   CO. 


2410-2432  W.  15th  St.,  CHICAGO,  ILL.  Eastern  Branch:  88-90  Reade  St.,  NEW  YORK 
Manufacturers  of  Elevating,  Conveying  and  Power  Transmitting  Machinery  for 
all  purposes.  Over  thirty  years'  experience  in  this  line  and  extensive  facilities  for 
manufacturing  give  us  large  advantages.  Belt  Conveyors  for  handling  cement,  ores, 
sand,  gravel,  etc.  Coal  and  Ash  Handling  Systems  for  power  plants  and  buildings. 
Chain  Belting.    Gearing. 


CHAIN 

BLOCKS 

ELECTRIC 

HOISTS 


THE   YALE   &   TOWNE   MFG.    CO. 

9  Murray  St.  NEW  YORK 

Makers  of  the  Triplex  Block  and  Electric  Hoists.  The  Triplex  Block 

is  made  in  14  sizes,  with  a  Hftinfi;  capacity  of  from  |  to  90  tons;    Electric 
Hoist  in  10  sizes,  :i  to  Ki  tons. 
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FOUNDRY   EQUIPMENT 


FOUNDRY   EQUIPMENT 


Pier  45  North 


J.   W.  PAXSON  CO. 

PHILADELPHIA,  PA. 

Complete  Foundry  Equipment.     Cupolas, 
Tramrail   Systems.     Foundry 


Manufacturers  and  eng-ineers 
Blowers,    Sand    Blast   Machinery,    Cranes 
Buildings  designed.  Foundry  Sand,  etc 


WHITING  FOUNDRY  EQUIPMENT  CO 

HARVEY,  ILL. 
Have  complete  equipment  and  Cranes  of  all  kinds  for  grey  iron,  steel 
and  malleable  houndry  Plants.     Buildings  designed  and  furnished;  eaulu- 
ment  installed  and  operated.  '     ' 


FOUNDRY 
EQUIPMENT 


FOUNDRY 

PLANT 

EQUIPMENT 


ENGINEERING  MISCELLANY 


DODGE, 


DAY  k  ZIMMERMANN 

PHILADELPHIA 


Our  Engineermg  Service  provides  for  the  planning,  construction  and  equip- 
ment of  buildmgs  to  meet  both  present  and  future  requirements  of  industrial 
plants.     Seepageadvertisements  in  the  February,  May  and  October  numbers 


THE  HARRINGTON  &  KING  PERFORATING  CO. 
No.  615  North  Union  St.  CHICAGO,  ILL.,  U.  S.  A. 

Manufacturers  of  Perforated  Metals  of  every  description  for  all  pur- 
poses and  for  screens  of  all  kinds.     See  advertisement  on  page  28. 

^v  York  Office:  No.  114  Liberty  St. 


STANDARD  ROLLER  BEARING  COMPANY 

50th  St.  and  Lancaster  Ave.  PHILADELPHIA  PA. 

Largest  manufacturers  in  the  world  of  Ball  and  Roller  Bearings  for  all 
purposes.      Steel,  Bronze  and  Brass  Balls. 


PAPERS  FROM  TRANSACTIONS  OF  A.   S.   M.  E. 

No  824.  New  System  of  Valves  for  Steam  Engines,  Air  Engrines  and  Compressors: 
w  KK  Gordon  price  |.20;  No.  8!»+.  Test  of  an  Hydraulic  Air  Compressor:  W.  O. 
Webber  price  |.10;  No.  1017.  Improvement  in  Valve  Motion  of  Duplex  Air  Compres- 
rice  Is?'    """^*''  P"'^*^  ^•'^^'  ^°-  "^1-     ^  Hi"h  Duty  Air  Compressor:   O.  P.  Hood, 
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INDUSTRIAL 
PLANTS 


PERFORATED 
METALS 


BALL 

and 

ROLLER 

BEARINGS 


PAPERS 
ON 
AIR 

Compressors 


ENGINEERING  SCHOOLS  AND  COLLEGES 


CLARKSON 
SCHOOL  OF  TECHNOLOGY 

Thomas  S.  Clarkson  Memorial 
Organized  Under  Charter  of  the  Univer- 
sity OF  THE  State  of  New  York.  Courses 
leading  to  degrees  of  Bachelor  of  Science  In 
Chemical,  Civil,  Electrical  and  Mechanical 
Engineering,  comprising  four  years  of  tliorough 
training  and  resident  college  work  In  theory  and 
practice  of  engineering.  Copies  of  Clarkson 
Bulletin,  published  quarterly,  mailed  on  applt- 
catlon. 

Wm.  S.  Aldrich,  Director. 

POTSDAM.  N.  Y. 


TUFTS  COLLEGE 

Department  of  Engineering.  Civil,  Me- 
chanical, Electrical  and  Chemical  Engineering. 
New  laboratories  and  excellent  equipment. 
Beautiful  site  within  tour  miles  of  Boston.  Pre- 
paratory department  for  students  who  have  had 
engineering  practice,  but  insufficient  prepara- 
tion for  college  work.  For  information  concern- 
ing courses  and  positions  of  graduates,  address 

Prof.  G.  C.  Anthony,  Dean, 
TUFTS  COLLEGE   P.   O.,   MASS. 


THE  RENSSELAER   POLYTECH- 
NIC INSTITUTE 

Courses  in  Civil,  Mechan'cal  and  Electrical 
Engineering  and  General  Science  leading  to  the 
degrees.  C.  E.,  .\L  E.,  E.  E.  and  B.  S. 

Unsurpassed  laboratories  for  Mechanical  and 
Electrical  Engineering. 

Cataloguesent  upon  application,  TROY,  N.Y. 


POLYTECHNIC    INSTITUTE    OF 
BROOKLYN 

Course  in  Mechanical  Engineering,  Even- 
ing Post-Graduate  Courses.  Fred.  \V.  Atkin- 
son, Ph.D.,  President;  VV.  D.  Ennls,  Member 
A.  S.  M.  E.,  Professor  Mechanical  Englneeilng. 

NEW    YORK    UNIVERSITY 
SCHOOL  OF  APPLIED  SCIENCE 

Departments  of  Civil,  Mechanical  and  Chem- 
ical Engineering. 

For  announcements  or  information,  address 
Charles  Henry  Snow,  Dean. 

UNIVERSITY  HEIGHTS,  N.  Y.  CITY. 


PROFESSIONAL  CARDS 


THE  ARNOLD  COMPANY 

Engineers— Constructors 
Electrical— Civil— Mechanical 

181  LaSalle  Street.  CHICAGO. 


BERT    L.    BALDWIN 

Member  A.  S.  M.  E  and  A.  I.  E.  E. 
Plans,  Specifications  and  Superintendence  of 
Manufacturing   Buildings,    Plauts   and    Equip- 
ments of  same. 

Perm  Building,  CINCINNATI.  OHIO 


WILLIAM  R.  CONARD 

Assoc.  A.  S.  M.  E.  and  A.  S.  C.  E. 

Inspection  of  Ralls,  Bridge  Materials,  Building 
Materials  of  Iron  and  Steel  Cars,  Locomotives, 
etc. 

Specialty:  Inspection  of  all  Water- Works  Mate- 
rials. 322  High  Street,  BURLINGTON,  N.  J. 
Malson  Blanche  BIdg..  NEW  ORLEANS,  LA. 
R.  C.  Huston,  C.  E.,  Southern  Representative 


F.  W.  DEAN 


Member  A.  S.  M.  E. 

Mill  Engineer  and  Architect. 

Exchange  Building.  53  State  St.. 

BOSTON.  MASS. 


J.  A.  HERRICK.Consulting  Engineer 

Member  A.  S.  M.  E. 
The  Herrlck  Patented  Gas  Producers,  Gas  and 
Air  Valves   Gas  Furnaces,  Regenerative  and  Di- 
rect Fired— all  purposes. 

Room  1603,  No.  2  Rector  St.,  N.  Y.  City 

HERMAN  JAKOBSSON 

Consulting  Engineer 

Member  A.S.M.E. 
Mechanical   Drafting  and  Designing.    Tech- 
nical Translation  and  Investigations  in  U.  S.  and 
Foreign  Patents. 

Victor  Bldg.,  724-726  Ninth  St.,  N.  W. 
Washington,  D.  C. 

CHAS.  T.  MAIN 

Member  A.  S.  M.  E. 

Mill  Engineer  and  Architect 

201  Devonshire  Street,  BOSTCW,  MASS. 

J.  Wm.  PETERSON 

Lubrication  Engineer 

Specialty:  Plans,  Specifications  and  Superinten- 
dence of   Power  Plant  Oiling  Systems  and 
General  Machinery  Lubrication 

NEW  YORK  CITY 


50  Church  Street 
SPECIAL  RATES 


Will  be  quoted  on  request  for 
Professional  Cards. 
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George  Westinghouse,  1278;  E.J.  Loring,  1279;  Closure, 
1280. 
Stresses  in  a  Connecting  Rod,  A  Graphical  Method  for  Calculating, 

WiNSLOW  H.  Herschei. 1609 

Student  Branches 

Brooklyn  Polytechnic Dec,  15 

Columbia  University July,  18 

Cornell  University July,  18 

Massachusetts   Institute  of  Technology July,  18;  Nov.,  11 

Pennsylvania  State  College July,  18;  Nov.,  10 

Purdue  University July,  19;   Nov..  10;   Dec,  15 

Stanford  University July,  19;  Nov.,  10 

Stevens  Institute  of   Technology July^  19;  Nov.,  10 

University  of  Cincinnati July,  19;  Dec,  15 

University  of  Illinois Nov.,  11;  Dec,  16 

University  of  Maine July,  19 

University  of  Missouri July,  20;  Nov.,.  10 

University  of  Nebraska July,  20 

Wisconsin  Universitj'  July,  20;  Nov.,  11;  Dec,  16 

Yale  University Nov.,  11 

Superheated  Steam.,  Notes  on  the  Value  of  Napier's  Coefficient  with, 

Isaac  Harter,  Jr 2017 

Symposium  on  Electric  Driving  in  Machine  Shops,   A.   L.  DeLeeuw, 
November,    1909;   Charles  Robbins,   April   1910;   John  Riddell, 
April  1910. 
Discussion 

M.  L.  HoLMAN,  1189  (Aug.);'W.  F.  M.  Goss,  1189;  E.  R.  Fisk, 

1190;  A.  H.  TiMMERMAN,  1191;  P.  A.  Morse,  1192;  H.  H. 

Humphrey,  1193;  O.  Stephensen,  1193;  Wm.  H.  Bryan,  1194; 

H.  Wade  Hibbaed,  1194;  Charles  Fair,  1195;  Henry  Hess, 

1195;  L.  R.  PoMEROY,  1205;  Gano  Dunn,  1209;  Fred.  L. 

Eberhardt,  1210;  A.  L.  DeLeeuw,  1212;  Carl  G.  Barth, 

1215;  JohnRiddell,  1215;  H.  A.  Hornor,  1216;  W.S.Chase, 

1217;  Clarence  L.  Collens,  1217. 

Terminals 

American   Locomotive    Terminals,    Wm.    Forsyth 1231 

Handling  Locomotives  at  Terminals,  F.  M.  Whyte 1203 

Test   of  a  15,000-kw.  Steam-Engine   Turbine    Unit,  H.    G.    Stott    and 

R.   J."  S    Pigott March  1910 

Addition Aug.,    1129 

Discussion 

W.  L.  R  Emmet,  1137;  Max  Rotter,  1139;  E.  F.  Miller,  1143; 
Edw.  L.  Clark,  1144;  E.  D.  Dreyfus,  1146;  Chas.  P.  Stein- 
METz,  1148;  J.  W.  Lieb,  Jr.,  1153;  D.  S.  Jacobus,  1153;  B. 
R.  Shover,  1154;  G.  R.  Parker,  1155;  O.  Junggren,  1155; 
F.  Samuelson,  1156;  Closure,  1156, 1665;  G.  R.  Parker,  1157. 

Test  of  a  9000-kw.  Turbo-Generator  Set,  F.  H.  Varney 2105 

Test  of  a  10.000-kw.  Steam  Turbine,  Sam.  L.  Naphtaly 2089 


lO  INDEX  TO  THE  JOURNAL 

Testing  of  Water  Wheels  after  Installation,  The,  C.  M.  Allen April  1910 

Discussion 

R.  A.  Hale,  1172  (Aug.);  J.  C.  Parker,  1176;  Dwight  Porter, 
1178;  G.  E.  Russell,  1179;  H.  K.  Barrows,  1180;  H.  D. 
Jackson,  1181;  H.  C.  Daggett,  1184. 

Tooth  Gearing  (in  abstract),  J.  D.  Steven 1643 

For  discussion  see  Interchangeable  Involute  Gearing 
Transmission  of  Heat  in  Surface  Condensation,  George  A.  Orrok....    1771 

Tioo  Proposed  Units  of  Power,  Wm.  T.  Magruder June,  1910 

Discussion 

Wm.  Kent,  1313;  E.  D.  Dreyfus,  1316;  H.  G.  Stott,  ]316;  I. 
Lungaard,  1317;  Closure,  1317. 
Turbines 

Test  of  a  10,000-kw.  Steam  Turbine,  Sam  L.  Naphtaly 2089 

Test  of  a  9000-kio.  Turbo-Generator  Set,  F.  H.  Varney 2105 

.Turbo-Generator  Set,  Test  of  a  9000-kw.,  F.  H.  Varney 2035 

Uehling,  Edw.  a.     Combustion  and  Boiler  Efficiency 2023 

United  States  Battleship  Nonh  Dakota,  The,  C.  B.  Edwards 1595 

Varney,  F.  H.     Test  of  a  9000-kw.   Turbo-Generator  Set 2105 

Vaughan,    H.    H.     Handlirtg  Engiries 1241 

ViALL,    W.    A.     Precision   Grinding 2127 

Viola,   B.     Automatic  Control  of  Condensing  Water 1579 

Water,  Automatic  Control  of  Condensing,  B.  Viola 1579 

Westinghouse,    George.     The   Electrification   of   Railways 1133 

Whyte,    F.    M.     Handling   Locomotives    at    Terminals 1203 
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